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Firſt, All Horizontal Dyals, all Upright Dy- 
als, Reflectmg Dyals, Dyais without 
Centres, Nocturnal Dyals, Upright de- 


| clining Dy als, without knowing the De- 
| clination of the Plane. 


Sccondly, The moſt Natural and Eafie way of De- 
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| feribi ng the Curve-lines of the Suns declination 
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To wnich 1s Added, 
FS A cbanexical Treatiſe of the Combinations, Elections, 


Permutations and Compoſition of Quantities, Illuſtrated 


by ſeveral Examples, with a new Speculation of the 
Differences of the Powers of Numbers. 
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_ Courteous Reader, 
YE His was chiefly compoſed for ſome near Relations ; 


but the Method being Natural, Eaſfte, and not Com. 
mon, I think I onaht to communicate, and not to 
Bury it with me. 1 do not Publiſh this as to pre- 
fer it before Trigonometrical Calculation of Dyals, for noway 
can be Exatter than that ; but this is to ſave that Labour 14; 
Young Beginners, leſt they ſhould be dejedFed with the tedzouſ- 
xeſs of the other : And this Diſcoarſe but little ſhort in Exatt- 
eſs with that. For though we can Calculate Dyals to Minutes, 
yea to Seconds, yet when we come to Delineate them,we can be n0 
Exadter than the Line of Choras is which ſeldom exceeds a Foot; 
but in Refieting Dyals, and ſome others, we have ſometimes 
T angents for Radins's, of five times that length : Neither can 
Dyals,whoſe Centre is not in the Plane, be well drawa without 
two T angents,unleſs they are firſt drawn oa another Plane ; and 
this is ſome help to Calculation, for here is Upriaht Declining 
Planes, the Sub-ſtiles Diſtance, the Stiles Hei:hth, and Tacl:- 
nation of the Meridians are already Calculated, and the angle 
each Hour makes with the Sub-ſtile at the Pole muſt firſt be 
found before we can find the Angle on the Plane with the $45- 
ſtile : The chief Difference i, that in the one,the Angle on the 
Plane ts to be meaſured with a Line of Chords, in the other, 
\ the Angle at the Pole is to be meaſured with a Line of Tas: 
gents. 
If you have on a Ruler a Line of Chords, Sines, Tangents, 
ana Secants for a ſmall Radins, as 1n Tich and au batf, two. 
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or two and an half, you may uſe that 1nſtead of the Table of 
Sines, Chords, Tangents and Secants , but if it be a greater 
Radins, you will find an Inconveniency of deſcribing Dyals 
22 4 ſmall Plane, 

The Method of drawvins the Parallels of the Suns Decl;. 
x1tion, will pive (if 1 am not decrived ) 2 Diverſion to thoſe 
of the Fiz he Jl Forms tn the Mathematicks,veing not Extant(as 
7 have great reaſon to believe ) in any Author ;, being rounded 
0 ſuch Paradoxes in the Conicks, 1 hat ſome of them on the 
rt View will hardly be admitted ; for with Gratefulneſs, I do 
acknowledge, That T received Steas and Plants from ſome emi- 
ent Perſons of the Royal Society, fince deceaſed ; but being 
removed into my barren Soil, and Cuitivated and Manured ac. 
cording to the new Flusbandry, produced Fruit beyond my Ex- 
pectation, whereof this is part ;, beſides their Geometrical way 
of Delineating their Curves, I have for the Latitude of T on- 
don, in a Dired# South Dyal, given the Diſtances of the Points 
of the Hyperbole oz Parallels to the 1 ranſverſe Axe, from the 
Conjugate, which by a Diagonal Scale will quickly be placed, 
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Signs uſed in this Treatiſe. 


_ "Equal << A Angle 

| S | Parallel S.- 88 | Sine 

-: , | Proportion C.S. 2 < Co-ſine 

> EZ 3 Continued Proportion F.-.81. Tangent 

2 £ : Parallelogram CT. = | Co-tangent. 
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GH AP; 
Of Dyalliag in General, 


\ Yalling is an Art teaching how to Meaſure the time of 
d the Da 77, by the Shade of the Sun. 

_ The Heavens, with the Sun and Stars, go round 
Ad. the Earth every Twenty four Hours, with an Equal 
Motion. Two Points of the Heavens Tre Im! novable, WHICH are 
called tne Poles ; and therc is an Imaginarv I.ine paſſing from one 
Pole to the other, which 15s called the Axe of the World. The 
Circle which cuts the Axe at Ri: zHE-angles, and dalvides the He2- 
vens into two Equal Parts between the ſaid Pol es, 1s the Equi- 
nox or Equator, which ( as every great Circ le ) is divided by 
Aſtronomers into 360 Eqnza 1] Parts, called Degrees ; of which the 
Sur goes 15 Degrees each Hour : Every Douree 15 divided mto 
60 Minutes, as by the Globe may be ſeen. _ 


In every Dyal,  tnat which os the Sh; ie, and ſhews the Hour 


1s called the'Gnomon or Stile, and muſt always be para alle] TO ti. 
Axe of the World ; which to place 2xaccly,-15-the-cnefeſt thing 
in Dyalling. The Line under it, on the Plan, is led tie 
Subſtile. 
The Angle each Hour makes with the Stile or Axe, which is 
commonly called the Angle at the Pole, ls always equal tO 15 deg. 
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to 1 Hour — 2 honrs = 3o degrees 3 hours = 45 aegrees. There- 


fore on Plans which cut the Axe at Right-angles, which are 
uſually called Equinociial Plans, 1t 1s but dividing a Carcle into 


24 equal Parts,and let a Fin ſtand perpendicular to the Plan on the 
FD 4 M ED X Sep LM a i TRL FAR n - n J OF | 4 | « . 
CINLTE LO YEDYELTRLY Lig AXE, And tO gLVe the Shade 8 and 1t 1s 4 
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Bur 1 the Axe be cut with a Plane at Oblique-angles, then the 
Stile ſtands leaninz, and the Hours on tne Plane are unequal. To 
ind thetroe Meafnre of wnich, 1s the Subject of Dyalling. 
Thercfore the Plane of every Dyal mull firſt be cor pared with 
the Horizon apa Meridian. 
The Horizon 1s that part of the Heavens as a quick Eye can 
diſcern in an open place, which divides the Heavens into two 


Equal Parts. The middle Point of the Heavens which is over 


our Heads, 1s called the Zenith ; and that under our Feet the 
Nadir. 

The Meridian 1s a great Circle of the Heavens paſling through 
the Poles, the Zenith and Nadir, in which the Sun 1s at Noon, 
and at Twelve a Clock at Night. 

[. If the Plane of the Dyal be parallel to the Horizon, it is an 
Horizontal Plane. 

[1. If the Plane makes Right-angles with the Horizon, it is an 
Erect or Upright Dyal. 

111. 1f an Obtuſe-angle with the Horizon, it 1s an Inclining 
Plane ; and what 1t wants of a S2zmi-circle, is the Angle of Inclina- 
c10n ; Or it 1s the Angle made by the Perpendicular and the Axe of 
the Horizon. T7; 

IV. If an Acute-angle, it 1s a Reclining Plan. I do follow 
Mr. Gunter and Mr. Wingate : Otners, as Mr. Oughtred, Mr. Wells, 
Mr. Newton, and Mr. Colhns,do call my Inclinng a Reclining Plane, 
and my Reclining, an Inclining Plane. 

Some call one the Lower Face, and the other the Upper Face. 
How to ind the Angle of Inclination,I will ſhew in the laſtChapter. 

V. If an upright Plane does reſpect the South, ſo that the Meri- 
dian 1s perpendicular to the Plane, it is called an Ere&, Direct 
South-Plane. In this the Meridian is the Subſtile. 

V1. If the Meridian-Line and the Perpendicular to the Plane be - 
divers, the Plane 1s faid to decline; and the Angle made by the 
Meridian and the Planes Perpendicular, is the Angle of the Decli- 
nation of the Plane. if 
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Weſtward. 


4 the Meridian- Righty Hand of the Perp: nd. > W 
VEE Plan declincs ( Eaitward. 
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If an upright Plane has the Snn ſhining on it at Noon, it is a 
South Plane, and the Centre of the Dyal 1s above ; If it has nor, it 
isa North Plane, and the Centre of the Dyal 1s below. 

VII. Ifa Plane be HEILNEr Erect to the Horizon, nor Dire& to 
che South or North, 1* 15 called a Decl: ning Inclining Plane, or a 
Dechning Reclining Plan, 


VIII. If a Plane be parallel to any great Circle that paſſes 
through the Poles, 1t 1s called a Polar Plan, and is parallcl to fome 
one of the Hours ; © that the Pole is neither elevated above, nor 

depreſſed below thePlane,and conſequently theDyal has noCentre, 
and therefore 1ts Stile, Subſtile and lower Lin es, are Parallel. 

If it be parallel to the Hour of Six, it 1s a Direct Polar Plane, 
and the Subitile 1s the Meridian, and its Inclination is equal to the 

Elevation of the Pole. 

If to the Meridian, it is an Eaſt or Welt Dyal, and its Subſtile 

iS _ Hour of SIx. 

. Obſerve all Angles are uſually meaſured by a Line of Chords, 
vw _ e Radius or Semi- diameter 1s equal to the Chord of 60%. and 16 
Sg” g0*. Winch is a Quadrant z ſometimes by a Tangent-line. 

. If the Hours of a Dyal be never fo truly drawn, if the Stile 
be Ss well plac'd, it will not go exact; therefore obſcrye theſe 
TO ce Rules in ſetting your Stile. 

. That it has the ſame Centre (if there be any) with the Sub- 
tile ana Hours. 

. Its due Angle. 


3. That it ffands perpendicular to the Subftile. 
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the Natare of Sines, Chords, Tanzents and Sectnts, with a 


1 able of then for each Deoree. 


N the enſuing Page Is a Table for the Sines, Chords, Tangents 
and Secants of each Degree of the Quadrant. Therefore 1 
will firſt ſhew what Sines, Chords, Tangents and Secants are. 
V2 :-LEt 
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Let ag 4h be the Qua- 
drant of a Circle, da h any 
Angle : Here it 1s equal to 
60, whoſe meaſure 1s the 
Archa h. Maked f parallel 
to 4 g, and ac parallel to 
X | aa; toad appiy t the Per- 
Ez Wo pendicular ca v. Suppoſe 
ID a 4 the Radmns to be Equal 


to 10000, then 4d b is the 
Tangent of the Angle 4 4 þ =860:=:193203 af i 1s the Sine of the 


ſame Angle — $660 ; abis the Secant of the ſame = 20000 ; and 
a ah is the Chord = to double the Sine of 4z = 3o ; half the Arch 
= 2,11-5000'==10000- 

The Angle g 4 & 1s the Complement of the Angled ah; j.e what 
it wants of 90* — 30*; and d c is its Tangent — 5773 ; densits 
Sine = 5000, and aeis its Secant = 11547, anda g 1s its Chord 
— to double the Sine of 15* half the Arch = 5176, and the ſame 
Lines are known 1t you compare them with the Arch 4h, by the 
names of the Co-tangents, Co-lies, Co-ſecants, and Comple- 
ments of the Arch 4þ = 60% Obſerve, in this Figure here are 
ſeven like Triangles, viz. bac, bda, cda, hfd, df a, aed, 


and dec; from whence ariles ſeveral Pr oportions and continue d 
Proportions by 8 Ec. 6. 
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"BS 7 d a. a b == 
Tangent. Radius. Co-tangent. are in continued Proportion. 
I; + a d. ab, -— SOae. a d, ac. 
Co-ſine. Radius. Secant. Sine. Radius. Coſecant. 
are 11 continued Proportion. Z 
" RE 7 4 a b:: de. ae: a c. ab. 
Radius. Tangent. Co-ſine Sine. Co-ſecant. Secant. 
FRET?» 63: at. "1 3% a b. Ac. 


Radius. ,Co-tangent. Sine. Co-line. Secant. Co-ſecant. 


_ 2. Tn every plain rectangle Triangle, if one Leg be the Radius, 
the other Leg 1s the Tangent of its oppoſite Angle ; and the Hypo- 
thenuſe 1s the Secant of the ſame Angle. 


3. lt the Hypothenuſe be the Radjus, each Leg is the Sine of its 
oppolite Angle, If 
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If you hve a Diagonal Scale 197 an lack and h alf an In Inch, this 
Tabls y wil | ſerve for Radiins 0110 inc 10S, 5 Inches, one Inch, and 
—-_— Sv E 
alt an Inch ; and if you Qonbls £! ambers | it will ſerve for a 
Fl 


Radius © of 20, Or 2 Inches; | Ou : will halt the Numbers, it will 
ſerve for a Re wh 5 of 2 half Inches, or one quarter of an Inch. 
{a = to fir. In, nord, Cc. of any degree, for any 
Inches, then you ons work by the Rule 
= Siuc, Cnord, Tano cent and Secant for 20 


=, Inc he hs —:4©009 Say, 


, , E hs _——— m a £ , 
O18 Her }\ or) 11s, EE TR 
o6 1 hu ad Wile t 15 C1 
11 < 13© 

- E 


"Sine Sine... Gord, Cord -. Tang. "Tang. 
1 ©OOO. ZOO : ! 3Z420- 102,6 : : 3472. IO4zI 55: 3640. 10942. 
Secant gSecant. 


10642. 319,2. 


If you deſire to find the Sine, Chord, Cc. for any Minute, as 
what 1s the Secant of 38? 50, take the difference of Its neareſt 
Secants, Viz. 39, 38, which 1s 00177, then fay, 60, 50 :: cor, 
©0147, Which added to the Secant of 38 = 12690, the ſumm 
12837 is the Secant of 38, 50, which was delired. © Its Co-ſecant 
iS 15947, 1ts Chord is 6648, or by the Tables of Natural Sines, 
Tangents and Secants, or the Table of Artificial Sines and Tan- 
gents by finding the Natural Numbers of each Artificial Sine and 


Tangent, as 1s directed in molt Authors. 


C.-2 4PM; 


How from thi; Table, and a Diagonal Scale, or Scale of 
Equal Parts, to "make an Horizontal Doe for any 
Latitude, 


N the Line /, e, 4, erect the Perpendicular e 4, which is the 
Meridian, ind the Line led isa Tangent Line, on which 

place the Tangent of every 15 Degrees from the Meridian, as 
tney are In the Table in the Margent, Page 5. As the Radius be- 
:ng equal to an Inch = 100, place the Tangent of 159 = 26,8 
ON 


2M 4, >. vw IHNY 4 
9 te art of Dyailling. 


TR EODRer Ivy 
on the Line /c & from the Meridian on cach Side of it, as e1,c 11, 
for the Hours cf i and1n, and the T angent of 30” = 57,7, ON 
the ſame Line, on each Side of th e Mer! Gian, aSelc 10, for the 
Hours of 2 and 10, and the Tangent of 45% = roo, on the ſame 
Line on each ſide of the Meridian, as « 4 eg, forthe Hours of 
3 and , and ſo the Tangent of bo = 173 for 4and 8, and the 
Tangent of 75 = 373; for 5and 7. 


vir vir 


Sine © 183 
Co-line 622 
$1730" Sec... 1606 


Co-lec. 1277 
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Nc and Cai Yetyod 

From this Tangent, fo marked, may is made any Horizontal 
-— TYHrS+'$ on 1 or Noith, Whether Upright; inclhning or Recli- 
PINE 28 any Lawtude, by thc true placing the Centre of the Dial, 
which js always Fo nd by taking tie Ce Slecolit of the Stiles ALL 
*itide above the Plane in Qu \ Parts 12 {1me Diagonal, and 
| for the fame Radins, and placing It cn the Me ridian from the Tan- 
fe) \L- Eine for the. C Centre, ton connect the Centre to thoſe 
Mar! ks, and y ao ve tne Honr 

To find the Stile, take on your Dias ,£0nal Scale the Secant of the 
Stiles Altitude, na pl: CC IT ON tie Tanger t-Line from the Meri- 
dian, which connect to the Centre, That 15 the Stile. 

As to make an Horizontal Dyal "9 Latitude 51? 39, the Tan- 
cent-Line led, being mark d as before, then take the Co-ſecant 
of $1030! = 127-7, and place 1t on the Meridian from e to a, 
then 4 1s the Centre of the Dyal, to which joyn the other 
Marks, you have the Hours ; and take the Secant of 51® 3o' = 
160, and place 1t on the Tangent from «< to d, joyn ad, that is IS 
the St tile : - for as the Radius 1s to the Tangent, ſo is the Co-ſecant 
to the Secant, Chap. 2. Sect. 3. Foraſinuch as here 15 not room 
on the Tangent [4d to place the Tangent of 75? = 373 for the 
Hours of 5 and 7 , you may make uſe of 4 leſs Radins Let the 
RAGLLS be half an Inch = 100; then from the Centre e 4, put af 
on the Meridian = 1 27,7, the Co-ſecant of the Stiles Altitude 5 1* 
3O', and at fapply another Tangent-Line; then on the Diagonal 
Scale, on the half Inches, take the Tangent ora 13 {nan z 735 2nd 
place it on that Tangent-Line on each Side of the Me: CIAan, as 
T J9 175.3 OJn 45, 47; thoic are the Hours for 5and't : : It YOu 
continue Es through the Centre, they will ſerve for 5 in the 
Morning and Yy: In the Eve ning 410 you muſt continue he Hours 
of 4 ind 8. and through the Centre draw a Perpendicular to the 
Meridian for the Hours of 6. 


2 


ro 


Mo Ercit Direc Scouts Dya!, Lat. 519. 30'. 


If yOu Wy will make a Direct South-Dyal, the Tan gent being made 
as Detore, for x that the Stiles heighth 1$ 38% 3o/ above tne Pla ane, You 
mu? take irsCo- ſccant —-106. 6.and place it on the Meridian from 
etog, where 15 the Centre of your Dyal, which connect to thoſe 
marks on the Tangent-line, and you have the Hours from 8 to 4 
For the Hours of 7 and 5 ( the Tangent being not long enough ) 

make 
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make uſe of a m Radius, Py half an Inch. Then take of that 
Radius the Co-ſecant of 382 Zo' = 160, and apply another "Tan- 
oent ae £68 meajnre 373 the T anyent of 75 for the Hours 
of [$4 and 7. Then tor the Stite, put the Secant of the Stiles Alti- 
inde 38 30 —128 on the Tangent-line from te Merialan , 
wh ic beinz joyned to the Centre, 1s the Stile. 


Of Placing the Hours. 


In every Dyal traly placed, it you ITand on the Sonth-lide of 
the Plane looking Northward, the Hours on yaur 1 eft-hand of 
the Meridian are the Morning Hours ; on your Right-nand are 
the Evening Hours ; but if you ſtand on the North © f the Plane, 
your Face being Southward, then the Forenoon Hours are on 
your Right-hand, and the Afternoon Hours on your Leit-hand ; 
for your Right-hand 1n relation to the Plane, is where your Left- 

hand was. 


An Fhritoantal Dyal for Eat. 509, 


III. If you are to make an Horizontal Dial for Edenburgh, where 
tne Latitude 1s near $62, t en the Tangent-line being » Pi ided as 
before, take-the Co-ſccant of the Stiles heightl $6%.== 120,5, and 


place it on the Meridian from cto ;: Then at 7 1s the Centre Of tho 
Dyal, whuch connect to the Marks on the Tanzent-line, and you 
nave tho Hours. For tie Stjle you walt take the Secant- of 562 
=158,8, and {ct 1t on the Tangent-linc, which if you joyn to 
rhe Centre z, you have the Stile. 

An Ereit, Direct Sou th 7 pal, for Latitnne 55. Deg. 


IV. EF 1Tanxent. being divided as before, taxe the Co-fecant 
OF. the < SAC - Altirndo 34 4. a LELESERS INE DAL Fi'C 15N-e LO m,the i} 
27 Wl be 1 i Centre of that Dyal, ro w ach jon the MACKS ON 
132 Tangent, and you haye the Sas 3. For the Stile put on 

FITS zent, the Sccant of 34d. = 120, which coanccted to m 1 
STI Pp 


a tne ELenire of the Dyal be given; then EEE the Co-fecant of 
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A New and Eaſie Prthod | 
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the Meridian where apply a Perpendicular for a "Tangent, and 
mark it as betore. 


Of Direct South Dyals, Tzclinias and Reclining to the 1071299, 


Afcer. the ſame manner, a!l Dt: ot South-Dyals are made, 
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It Equal, then it i584 Polar Plane. 

It 1t be a Direct North-Plane inclining to the Horizon, then 
the Summ of the Angles of Inclination and Elevation of the FO 
is :the H _ [2 adove the Plane. If the Angles be e 


116 IS N Equin octial Plane, being paralle | to the Ea: 
10ſe G 10190 itands Per nendicular to the Plane, and its 
Hons Ire © guy is divided, each Hour bei 10g I5 Degrees. 
Obſery | R Reclining Dyals are to be made in the ſame man- 
ner, and as 1 So ath 1 Inclining Dyal is a North Reclining Dyal ; 
and a South Reclining Dyal 1s a NortirInclining Dyal : In all theſe, 
the Meridian and Subſtile are the ſame. 


Demonſtration. 


At the interſection of the Tangent with the Sub-{tile, erect 
Perpendicylar to the Stile, as er, to wich make e y on the Sub- 
ſtile Equal ; then c y 1s the Radius on which a Circle 1s t9 be de- 
ſcribed, which repreſents the Equinox, and is to divide the Tan- 
gent-line into Hours : To avoid which Labour, e Y DCL19 equal to , 
the Radius, we do take the Tangents from the Table. 

Then if the Linz ae be the Radius, the Line er, or cy is the 
Sine of the < ea7, the Stiles heighth, and e10re tt, - 1s the 
Tangent of the Angle on the Plane. . 
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it the Lis er Or ey be the Radius, ther the Line ac 6 the 
Secant of th gyagy 7, and Co-ſecant or the Angle ear the viles 
T cihth,s and e 4 1s the Secant of the <r ed,or <rac, the Stiles 
F ig Wt, ana C i e115.1S the Tangent of the Angle at the Pole 
71th the Subſtite= Tar Set [5=27 : From Whence {ollovy; S, 

\s ey the Radius, 1s to Cy Unc cine; fois 67 the Tanzei Ir Of 


as 


agle at the Pole, to cz: the Tangent of the __ on tne 


PJanc; which 1s the Rule in /71297omcary to find the Angles mad: 
hr each Hovr, and the Svb-ſtile on the Pla nc. 
To make er = to the Radius, we muſt make a e — tothe Ca- 
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ſecant of the Stiles altitude. Let us try this Rule Dy Calcu- 
F4TION, 
As the Radius 1s [5.005666 


to the Sine of the Stiles heighth 519 30' 9.893544 


"or 1. So 1s the Tangent of the Angle 1t the Pole 157 9.428052 
t© theTangent of theAngle on thePlane 11* 51 9.321596 


For 2. Sothe Tangent 30 9.761439 
to the 'Langent 24 19 9.654983 
For 3. So tne langent 45 1 0.000000 
Lo the Tangent 3S 03. 3.393544 


or 4- So the Tangent 60 190.23056tk 
to tne Tangent 53 35 0.132105 
I KN <a " C 4-1 I he 'y 4- f tay 
Fr Q} % ks 4 m2 a1 7H 1 9, 3 / I 047 
ks | ”" SH = F< 
LO The 14ngent 71 06 [0.455491 
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drawn; and on declining Planes, One Hour fometimes cannot : 


Yo avoid WIEN » We may uſe Mr. Caſſes In >2NtiOn; f Hart-Hal, 

Make a Rec tangle Parallelogram, two of f whoſe $ Sides are paral- 
jel to the Subſtile, and each Sides Diſtance from it,-1s equal to 
the Sine of the Stiles keighth above the Plane ; then croſs the 
Sub-itile at Right-Angles with two other Lines, one paſſing 
through the Centre, whoſe Diſtance muſt be equal to the Co-ſe- 


cant of tae Stiles Heighth, 
C 2 Then 
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A New and Ealie Wethod 


Then on the oppoſite 'Side to the Centre pijace the Tangent. 


that each Hour makes with the Sub-ſtile at the Pole, as 1s before 


directed. Then for the other Hours, lake tne Co-tangent of 
the Angle that cach Hour makes with the Subſtile, and place it 
on the Sides parallel to the Sub-ſtile, from the Side paſſing through 
the Centre, which in the Horizontal , and Direct South-Daals is 
the Hour of Six; then joyn theſe Marks to the Centre, and your 
Hours are drawn, 

For thar the Side of the Parallelozram oppolite to tie Centre is 
not Jong enongh to draw the Stile according to former Directions, 
take the Co-line of the Stiles heignth, and place 1t on one of th 
par?}lel Sides, which connea to the Centre, tnat 1s the Stile. 

As on the Horizontal Dial, let bc, k h be the O, the Sides 
bh, ch, the Diſtance from the Sub-litle 4 e = to tne Sine of the 

les heighth 51% 3o' = 758, the Radius being 100 make bh, ck, 
— Cofeccant of 512 3c/, the Stiles heighth = 128, then make e 11, 
e 1 = Tangent of 15® = 27, for 1 and 11a Clock, and e2, e10 
— Tangent of 30” = 5$' for two and 106 a Clock; and foral(- 
much as oa this Side þk no more can be placed than on the Sides 
of the QA by, ck, makebF5 c 5 = Co-tangent of 75 = Tangent 
15 = 27 Radius being 100,for 5 and 7, and b 4, c 8 = Co-tangent 
of 60 = Tangent, Zo = 58 for 4 and 8, and b 3, c 9 = Co-tan- 
oent of 45 = 100 forz and ga Clock; connett theſe to the Cen- 
tre and you have the Hours: To draw the Stile, make c 2 = Co- 
line512 30/ = 62 joyn 4 n, that 1s the Stile. 

Obſerv. Make uſe of as large a Radius, to meaſure theſe Lines, 
as your Plane will bear 3 and by the {ame Radius you meaſure your 
Co-ſecant, you mult meaſure your Tangents, and by a longer 
Radins you may meaſure your Sines and Co-tangents, for in all 
upright Dials your Plane will bear it. 


Demonſtration. | 
In the Horizontal Dial in the A_acz, you will find that a c 
being the Radius, c» 1s the Tangent of the < c a», and Co-tan- 
gent of the Angle ea x the Stiles heighth, and ac is made equal 
to the Sine of the < ea the Stiles heighth. Therefore as the 
Radius ac 1s to the Tangent cx, ſo is the Sine ac to Co-fine 


c = by Chap. 2. Seft. 4. {o the Angle can is equal tothe Comple- 
ment of the Elevation of the Pole, 


In 


ts the Art of Dyalling. 


In the 4 ac 7, 4 c being the Radius c 7, 1s the Tangent of 
the <c47, equal Tangent 15 = 27, and Co-tangent << 74e 
the Angle on tne Plane witn the Sub-{tiJe, and 2c be the Sine, 
then c 7 1s the Co-tangent of the Angle at the Pole with the Sub- 
ſtile. Therefore, : 

As the Sine 4c 15 to the Radius ac, fo 1s the Co-tangent of 


the Angle at the Pol2 with the Sub-ſtile to c 7 the Co-tangent of 


the Angle on the Plane with the Sub-ſtile 5 as by Calculation you 
will find. 


As the Sine of 510 30 9.893 5 44- 
15 to the Radius I 0.0000CO 
For 1 So 1sthe Co-tangent of 15* 10.571947 
to tne Co-tangent 112 51/ 190.676403 
For 2 $0 1s the Co-tangent 30? 10.238861 
to the Co-tangent 24* 19/ 10.3450i7 
For 3 S01s the Co-tangent 45* I 0.000000 
to the Co-tangent 38® 03 10.106456 
For 4 So1s the Co-tangent 60? 9.761439 
to the Co-tangent 53? 35/ 9.867895 
For 5 $S01s the Co-tangent 75* 9:428052 
to the Tangent 71® 06. 9534507 


How to make a Dyal on an Eret Declining Plaze. 


VI. What an Erect Declining Plane is, vid. Chap. 1. Sect. 6. 
In Declining Planes, Þzfore tne Hours can be drawn, there are 
Three things requiſite to be found ; that is, 1. The Snbſtiles Di- 
Itance from the Meridian. 21y. The Stiles Heighth above the Sub- 
ſtile. 3!ly. The Angle at the Fole made by the Subitile and the 
Meridian, which 1s called in theſe Tables Enſuing, the Inclina- 
tion of the Meridian, by ſome the Difference of che Meridians ; 
all which are exactly found by Calculation, and therefore in the 
following Pages I have preſented you with two Tables calculated, 
the one for the Latitude of 51* 15/3 the other for London, whoſe 
Latitude is 51* 3o'; which Tables with taking their Difference, 
and working by the Rule of Proportion, will ſerve for any Lati- 
tude in Exgland, without any ſenſible difference, 
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Their Diftercnce is | 
Cambridge Lat. 52* - 20' 
{0nd 1-at; 5 L .30 
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Then ſay, if the Difference of the Latitudes of the Tables 15 


do give 50', What ſhall 1' give! 
Subftiles 
DINer 


15-$0-255114.39 


70u have the Requiſites for Cambridge, 


Snbit. Dilt. 


At £.0H4071 


Prop. Dit. 37 


At Cambridoe 21. 4 JT. 
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Stiles 
Hertghth 
12:40: 
Which ſubſtracted from Ns Requilites for the L 


By Calculation thus. 


Radius 

Co-line Declin. 
Co-fine Elev. 

Sine Stiles Heighth 
Radius 

Sine of Declin. 
Co-tang. Elev. 

Tang. Subſt. Dit. 
Radius 

Co-tang. Declin. 

Sine Elev. 
Co-tang. Inclin. Merid. 
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20 
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20 
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Stiles Heighth 
3r.41 32. 


Inchnar. 
Merid. 
7008 2.0 
titnide or Loma: 0 


Inclin. 
"26-2 


I 0. ©OCOO 


9.93753 
9.79609 
- 9.72360. 
I 0, QO0DO0DO 
$.69997 
9.88759 
__ 9:38656 
1 0.00000 
10-23356 
9-89349 
I0.13708 
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| to the art of Dyalling. 


: "uh Rad: S. Declin :: C.T. Elev. Subſtiles Diſtance. 
As Rad : C. S. Declin :: C. S. Elev. Stiles Heighth. 
As Rad : C.T. Declin :: S. Eley. C.T. Inclin. Meridians. 


Directions for making an Erect Declining Dyal. 


I. With a Line and Plummet, let fall a Perpendicular to the 


Horizon, Which in all upright Dyals is the Hour of 12, If the 
Centre be on the Plane. 

11. Then by the foregoing Tables, the Sub-ſtiles Diſtance be- 
ing found, place it with a Line of Chords to the - 


Right | Hand of the Meridian) : 'eftward 
left 5 if the Plane declines Eaſtward 


For the Sub-ſtile is to ſtand | Weſt ] among | Evening | EE Ok 
if the Plane Decline *£ Faſt 7; the f Morning 4 ; 


ITE From the Centre take the Codbrant of the Stiles heighth, 
as 1n the "Tables, and place it on the Sub-itile, where apply a 
Perpendicular for a Tangent,and another th rough the Centre. 

IV. Finiſh your U by drawing two Paraile | Lit acs to the Stv- 
itle, whoſe Diſtance: 1s Baa: to the Sine of the Stiies Altitude : 
Then. take the Secant of th e Stiles Alt Itnde, anda place it 01 
Tangent from the Sub-ſtile,wh hich joyn a to the Centre 1s the Stiles 
Mr 1ts Co-fine, and place it on the Parallel Stde. 

V. By the Inclination of the Meridian, found by the Tab! 
page 15, 16, you may find what Angle each Hour mak 
tne Pole, with the Sub-ſtile, by ſubſtracting 15® from c 
that 1s between the Subſtile and \ 
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Lh 4 L 3% SK, 


3 ot 3% jo : FEW fg 
Meridia ny from C11C Folios ; 


LON WA1 

the Meridians, as you find it in the Tat Me, and by adding L5* for 
ihe other Howes: os 

VI. Then take the Tangents of thoſe A ngles by the firſt Table, 


ana place them on the Tangent Line from the Sn! )- ite, tenjoun 
choſe Marks to the Centre, and your Hours are arawn. And for 
unole Hours that will not come on the T angent, 


tangent on the parallel Sides: Obfrve , 
the ſame Diſtance on the P 
vent Line, 


Piace their Co- 


every 6 Hours 'has 
arallel Side, as they have on the T:in- 
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A New and Eſiae £ 


ma rect; 


A South Erc& Dyal, Declining Eaſtwara 40% Lat. 51* 18. 
Let 4 4 be the Meridian, and Perpendicular to the Horizon, 4 
the Centre of the Dyal; by the Table, page 15, you will find 


the Sub-ſtiles Diſtance — 


27? 17, the Stiles Heighth, = 28 39 


the Inclination of the Meridian = 47 OF 
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Make tne Angle 44e-= Subſtiles Diſtance = 25® 17, either 


by a Line of Chords, or by 


—= 47 to the Left-hand, 
then connect ae, that is, 


the Table, the Chord being 
becauſe the Plane Declines Eaſtward ; 
the Subſtiles, place the Co-ſecant of 


the Stiles Heighth 282 39' =208 on the Subſtile, the Radius 


being 100 from 4a to e, 


where apply a Perpendicular for a 


Tangent, as he, and finiſh your © by drawing b ac through 
the Centre Parallel to he k, and make ab, ac, &, ek = g6, 
the Sine of 28® 39', the Radius being 200, joyn bh, ck, and your 


C7] is finiſhed. 


Then 
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'to the Art of D Dyalling. | 19 
OP EET Ty cas TD OP Ye =o 

ation = rn , , di | ; 
| Hor. |< at Poleſlang, | Rad1us L000 
| _ So 97 a Sine 80 
| 2 199... 0 60 : P 
| : 544 oy "$8- Stiles Height] a ont 877 
| $I Secant 1 140 
12-147 -- OF 41075 RC Es ; 
11 32 . o5 | 627 289 39) & Co-ſecant 2085 
ESO 117+ .D © 
| 3 :” be ws Then take theNiſtance of each ie\e 
'— Subſtile as they are in th ers gent, and place 
EE | them on the Ta angzent Line from the 
[0 292 S 

112 + 55. | _ Sub-[tile, as. make ego =0:36 = 
T = 55: =_ Tangent 32 og , the Radius = 100, 
|. 6 24 JJ | 93 exo = Tangent 17 05 = 30,7,017 


$197 +33]: 393 — Tangent 3205 = 62,7, el2 = 


G7 55 hat A7 OS == IO7 where tne Tange { {$f 


LESS EIN Ine ex-ents the Meridian e 4, if there 
be no Error. 

Then on the other Side of the Sub-ſtile make e 8 — Tangent 
12355 = 239.607 = Tangent 27.35 ==$3,  C0-= Ian ont 1 
55 = 93, for that the Tangent Line DR can contain no more 
Hours. 

On the Sides of the 2 make e 2 —= Co-tangent 77 03 — Re 
Radius being 200, then is er — Co-tangent, 62 oz == 106 
c 12, Co-tangent 47 05, = 1 $6. 
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On the other Side of the 2 make b 3 = Co-tangent 87 55 = 
72 b 4 = Co-tangent 72 55 == 62, b5 = Co-tangent 57 55.= 
126 connect 672 — Co-line 28 Ty = 175, Joyn 4n that is the 


Stile. 

Obſerve, Here 1s 3 aClock in the Morning marked, whict: 
is before Sun-rifing, but if you continue it throvgh the Centre, 
it will ſerve for the Afternoon. : 

Every 6 Hours have the ſame Diſtance on the Parallel Sides, as 
they have on the Tangent-Line, as b4. and e 19, has 3 31, 6 5 and 
eIl, has63, b6 and e re has 107; locs and « 12 has 933 So 

e7 C1 has 53, e8 c2, has 23. eg c3, has 3,6, for that 6 
Hours 1s a Quadrant == go deg. fo that here is no occaſion to 


Ge tne Tangents of the Angle at the Pole, of above 5 or 8 
ours. 
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20 4 New and Eaſie Method 


VII. To make an Ere& Eaſt or Weſt Dyal, Lat. 51 15/. 


If it be an Erect Eaſt or Weſt Dyal, the Plane does decline go*® 
and by the Table, Page 15, you will find the Sub-ſtiles Diſtance 


= 38 45, the Stile to have no Altitude, and the Inclination of 
the Meridians = go arg. 


| | 328 


Firſt, Let fall ab perpendicular to the 
Horizon, then with the Chord of 60 draw an 


Angat the Pole 


I2 
T 


cu Amy wr 


go Tangent 


75 = 373 
60 


45 + ==. LOO 
30 = 
I J' = 

o Subſtile 
T5 == 20,7 
JO $77 


nll 


Arch of a Circle to the Point 4, then take the 


Chord of the Subſtiles Diſtance 38* 45, from 
a Line of Chords or a Diagonal Scale equal 663 
and place it from 6 to c to the Right-hand, be- 
cauſe the Plane Declines Weſtward ; joyn a c, 
that 1s the Sub-ſtile, which 1s the Hour of 6. 
Though the Stile has no Angle of Altitude, 
yet we mult place a Stile of a convenient 
length, about a third part of the Plane ep 
le 


- to the Art of Dyalling. — 221 


FIg. 5- 


| KKHOSSKAKAMUAANAD OD SASCRARALUANAN ANAAYSUCUHPOPODONK ©0 ame ___—— 
'W | 


© 26 35 5 07 29 WON 2 Bb bs ul 6 tb iD. BL 9. 2h rs. I BR. WA <9 A A ECLs ak 


PR 


- p—_ \. 
wy wo - EE EEE ESEE RED wv 


> wo... 0 w ”-... > Wwws Y v2 » » » 4 mn uf 


—_——— 


CC _—_—_— YT 


lel to the Sub-ſtile, to give the Shade ; let the Stiles heighth be an 
Inch equal 100 ; to the Sub-ſtile apply 4e, Perpendicular for a 
Tangent, then find what Angle each Hour makes at the Pole 
with the Sub-ſtile, by comparing them with the Inclination of the 
Meridians ; then take their Tangents in equal Parts, as in the 
Margent of the foregoing Page, and place tncm on the Tangent 
from the Sub-ſtile, through which Points draw Parallels to the 
Sub-ſtile for the Hours : the Line fg is the Hour of 3 and Stile. 


VIII. How to make an Horizontal Dyal, the End of a Staff, Poſt, or 
other Body giving the Shade, Lat. 51% 10. 


You mnlt conceive the end of the Staff or Poſt to be one Point 
of the Stile or Gnomen, and is called the Node, and any one 
Point of the Stile will give the Hour as true as the whole Stile, if. 
the Hours are drawn long enough. 

With a Square find the Point dire&ly under the Node, which 1 
call the Sub-ſtite Point, then meaſare the Diſtance from the Sub- 
Ttile Point of the Top of the Staff or Node, thea find the Centre 


dS 


0 4 war 
GE np — —— 


SO APE CREATE FE<" SN —_— 
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"e <the Meridian, BT 4 0 the Staff landing 
\1cridian, o1ts Vertex or Node, heing one 
tile, a the e$1 mM [tile Poit It, if oy Staff "rpapen Ko the 


J- 


ords make the Angle a0e equal c o Ele- 
38: 5o', and at e, where it cuts the 
idian i5 the Centre of the Dyal; connect eo, that 1s the Stile ; 
-he Co-ſecant of the Stiles Altitude 610 Io' equal 128, 
Tt on the Meridian from the Centre e to c; where er et 
penuicnlar for a Tangent, as ca, and compleat th the 2 and 


nrocecd a 45 « hefore is directed in Dyal, Fig. 2. 


Or find the Centre thus : 

Let 4 0 = Radins = 190000, then ae 15 equal to tlie Tangent 
of the Co-elevation of the Pole = Tangent 38? 5o' = 80498. 

If ao be of any other Length,as 96 ; then ſay, as 100000 80498 


: 96 57 275 —=ae the Diſtance of the Centre from the Sub- 


it1le Point. 


IX. How to make a Dyal inthe Ceiling by the Reflection vf a Claſs, 


A Reflecting Dyal (if the Ceiling of the Room on which it ts 
to be made, and the Glaſs, be Parallel to the HOr1zon ) 1S but 
an Horizontal Dyal rev xrſed; tor that, according to the Opticks, 
th2 Sun, the Glaſs, and the Refle ection arc in a {treight Line, and 
the Angle of Reticction is equal to the Angle of ti: incide ce, and 
the Glaſs you muſt conceive to be one Point of the Gnomon , with 
a little Water placed by the Glais, you may try by its Refietion 
whether the Glaſs ſtands Horizontally. 

Firſt, you muſt meaſure tne Diſtance between the Glaſs and 
the Ceiling, in Equal Parts, which ſuppoſe to be 4 Foot, or 48 
Inches, or 96 half Inches; then make 4 o Equal to gs, and Per- 
Pendicular to the Meridian 4c: then proceed as in the former 
Dyal, firſt finding the Centre, as 1s hefore directed. 

But, foraſmuch as the Centre of the Dyal will not Þe in the 
Room ( it the Window be Southward ) you mult draw the Hour 
Lines by two Llangents: 

Having found 4 e = 77, the Radins being 100; fo that e is 
the Centre of the Dyal ; ſubſtract that out of the Co-ſecant of 


the 


CC ret 
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III, TO 20 
_ 


hs Elevation of the Pole, VIZ, oy reſt 51, which _ off the 


Scale, and place it from «toc, where erect a Perpendicular for 
a Tangent, where ſet the Tanvent of 15, 30, 45, 60, and 75, 
as before. 

Then from c, on the Meridian, ſct the Difference of the Co- 
ſecant of the Pole” 5 Elevation. Of a longer Raduus,either in Inches 
or half Inches ; as ſuppoſe the Radius to be 2 Inches = 128 to / '# 
where apply another Tangent, then for each Hour take donhle 

the Diſtances of the Eq wal Parts of the firſt Tangent Line : For 

Radius 100, ec. 128 :: Radius 200 ef 256, and 100, 200 : : 
61 26,8, f1,53,6 :: c2 58, f2 116 :: £3 I00, f3 200, 
C4 173, f 4 346; then the econd Tangent - being thus marked 
and joyned to the Marks of the firſt Tangent , you bave the 
Hours. The diiterence of the Co-ſecants, which is the Diſtance 
between the Tangents, 1s found by multiplyiag the Co-ſecant 
in the difference of the Radius's in Inches Or ns Inches ; as here, 
one Radius being 1 Inch, the otiter 2 Inche multiply the Co- 
ſecant 128 1n 1, then c f the difference of he Co-lſecant 1s 128. 

If one Radius be an Inch, the other 2 Inches and an half, mul- 
tiply the Co-ſecant 128 in 3, tne difference of the gs S I 
half Inches the Product 384 halt Inches 1 1s the Diſtance bet 
c and f. 

To find the Hours on the ſecond Tangent, ſay; 2:5 :: 
67 :: 58 145 :: 100250 ::-173 4325. 

To fave 4 labour of Multiplication, let the differen 

the Radius's be equal to an Unite ; 5. e. to an Inch or ha! 
Inch. 


X. How from the End of the Shadow of 4 ty thing, as a Din, 0 
an Upright Declining Plane to me 'e a D) yal, Lat. «12-18. Let 
the Plane decline TE E, ward let the leach of the Pin be 9,5 
Taches. 


With a Square find the Point dircetly un nder tie top of the Pin 
at d, which I call the Snb ſtile Point ; from that Point d, with a 
Line and Plummer lct fall a Per pendic ular to the C-HOFIZORY aSd Pp 
then by the Table Page 14, You WL Have for 5 der, of Dechina- 
tion,the Subſtiles Diſtance to be 44 tne Stiles Heighth 37 
13', Inclin. Merid, 18? 5$/, rake the Angle p do = Sublles 
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" New and Eaſi Method 


Diſtance = 11 445 and to the left-hand being tae Plane, declines 
Faſtward, continue od and pd, mike d# = to the length of 
the Pin = 915 Inches, and the Angle d 1 — Declination of the 
Plane = 15®, and place it to the right-hand, becauſe the Plane 
declines Eaſtward ; wake 4/1, perpendicular to. 4p for an Hori- 
zontal Line, and at {, where /z cuts the Line 41, is one Point 
of the Meridian 5 make 1 2 parallel to dz, then / 2 1s the Mert- 
dian; and at 4, where It cuts the Subſlile,. is the Centre of 
the Dyal. From the Centre 4, ſet on the Sublſtile 165, the Co- 
ſecant of the Stiles Heighth 37? 13/, the Radius bene 00. toe, 
where apply a Perpendicular to the Sub-ſtile for a Tangent ; and 
compleat the © by making ab, ac, eb, ek = Sine 379 13' = 
60, Radius being 100, connect bh, ck, then take the Tangents 
of the Angles that 'cach Hour makes with the Snb-ſtile at the: 
Pole, by comparing them with the Meridian, as It 15 11 the Mar- 
cnt, and placing them on the Tangent from the Suv-ittiec, which 
j9yn to the Centre, and you have the Hours of 9, 10, 11, 12,1; 
and for the other Hours, take the Co-tangent of the Angles each 
tour makes with the Pole, as ca = Cotangent 76 = — 


-=:Co-tan- 


LO te ad 


— Co-tangent 6353 = 49, c2 = 


Co-tangent 48 58 = 87. c 1 =Co- Hor. <” at Pole 


tangent 33 $8 = 148% And on the 


®, 


-—_ 


braces 
+ 
Og 

N 
V) 

4 

| 


Other Side @ 3 = ns ag Co-ta Th22510 
bs — LOo-tangent 71 2 = 34 V7 
O 


p——_ Fo) Oo a 
_— CAN SECNL 56,2 — 
rarigent 41 2 = 115 


of 2s 


Ns OO 2 DR OCT WE SAS bh PTE IR 2h bn 
t HE& Centre nay HIKE {11% div thy 

Y 

7 


found; make / *« = and the : Ang] le 
[ « a = Elevation of the Pole = 5129 


15” and at 4, where 1t cuts the  Meri- 
ian, 1s the Centre of the Dyal. 
Rad. 100037 13 
Co-line 796. 
Sine 605 
Co-ſecant 37 13 1653: 
SCCAnt 37 13 1255. 


to the Art of Dyalling, 
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'A New andEaſie Method 


XI. How to make an Upright dcclining Dyal in a Plane, where there is 
#0 Conveniency of having a Centre : A North Plane declining Weſt 
ward 809. Lat. 51* 15/. 


the foregoing Scheme let half an Inch 
In $11 
4.44 


"iy 24, A =. CO 4? I} SPY "> Ho - 
the Numiers 11 ne foilon 12g 4iAaDigt al 


A North and South Plane of the ſame Declination are made af- 
tor the ſame manner, and by placing the upper Side downward, 
a South Dyal will ferve for a North Plane ; but the Hours 1n the 
one are tie Cqpfplement of 12 that they are 1n the otner, as 3 In 
ORC, 1S 9 In the other; and 8 1n one 15 4 1n the other, and ſome 
Hours are to be omitted, and others added. If a Dyal does de- 
Cline about 70? or upwards, and you place the Centre in the Dy - 
24], the Hours near the Snbſtile will be 1o cloſe together, that the 
Hour-lines will be confounded : To prevent which, the Dyal is 
to be made without 4 Centre, by two Tangent-Lines. 

By the Table-page 15, you will find, the Declination bein 
80®, the Sub-ſtiles Diſtance 1s 38* 19/, the Stiles Heighth 6* 14, 
the Inclination of the Meridians 82 10'/. Let fall a Perpendicular 
to the Horizon, as db; then make the Angle b d e = Subſtiles 
Diſtance = 3$2 19/, which place to the Right-hand, becanſe the 
Plane declines Weſtward ; joyn 4 e to hþ, that is the Subſtile. 

Then draw two Tangent-lines perpendicular to the Subſtile, 
whoſe Diſtances are to be Equal to their Co-ſecants of the Stiles 
Altitude = 6 deg. 14 min. whoſe Co-ſ{ecant 1s 921. the Radius 
being 100. 

You are to uſe two ſuch Radins's as that both their Tangents 
may be on the Plane ; 7. e. on this Plane, whoſe Radius's differ 
but half an Inch ; for if they differ an Inch, then 9,21 Inches muſt 
be the diſtance between the Tangents, which this Plane will not 
bear. 

Let one Radius be one Inch and an half, the other two Inches : 
therefore multiply the Co-ſecant of 6® 11/, viz. 921 into half the 
product 460+ 1s the Diſtance in Inches between the Tangents eh. 
Then on the firſt Tangent, take the Numbers under Radius 1 50. 
Make e 7 —= 19, and to the Right-hand e8=61, e f = 150. 
Then on the other Hand, e6=20,6 e5, =63, e4=116, 


CF =7I98, 


to the Art of Dvalling. 


LO —— 


e3 == 198, e2 = 363. And on the fecond Tangent take the 
Numbers that are under R2dius 200, as b9 = 25,98 = 81, bk 


$4 
be 


IHor.[<at Pole} Rad. | 
[2-.102-:-:-164. 106 


gy ML J 
() 
—_— — 
to 
O 
# 


—-——---{} a}. n. {18D 
8-122. $6140.36 1:-4 v1 
7 |7 - Tolt2 5} 18 Tj--25 

| SUDifLle 

| 6 . $Solt3. 7 20,61 27 | 
3 
4 
5 


Rad. I VDOO 

[Sine 108, 10,8] 16,2] 21,6 
Stiles H. } : Co-line o94 ned, 14.,91198,8 
6. 14+ | Secant 1006 100,6 15,0} 20, M 

cafes 9210. 92,1 138,11184, 


== 20. And on the ther ſ1de © t the Subitile bs = 27, bs = 84, 
F 4 =.I15Jz, b To Nh h.z= —=.49L. The JOY the Marks for 
tC ſame Hours on each Tangent, an nd you have Tc Hours,.. And 
if you joyn kf, you Fave the Stile. You need not * enquire after 


os Centre, for have iS N9 uſe of it ; but if yoa deire it, the 
Co-ſecant of the Stiles Heighth will give it you 3 7:0. 3t is 1381 half 
ncnes from the _n = & INgent; and 18 62 ha If Kee from the 
{econd Tangent on the Subitile. 


[f you turn the upper ſide of rhe Dyal downward, then it is a 
South Erect Dyal decining Weſtward $o 4:7. Then YOu wal 


ew mark each Hour, by putting, the COIn DLSment < of 1 [2.-4nd 
omitting the Homvafte? Gone Stn 7 | adding the Hour cr 2 
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tigw t0-make Dyar 077 4 Us; 719 br Declining Plane, a P im, 07 ANY O67 
ning g1uVIng the Shadow, tine Centre beint 360t 64 the Flank. 


Tnough this contains the two laſt Sections joyn2d | [11 Ones: et We 
cannot fiiid the Centre of the D Dyal by the method 18 the Tent: 
L, Tz neon: 
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nx 217 meas 


Scion, it being not on the Plane 3 neither can we by the pre- 
ceding Section draw the firit 1a 12ent at Prcalure, for that the 
Lengt! 1 of the vrOe is given ; bat we mult find the Diſtance of the 
Centre from th cubſtiles Point by J>clineatlon or br y Calculation, 
as by Sect. V It. Then by compa: wg It with the Co-ſ-cants Gf 
the Stiles Alrit uae -. the Diſtance of the firſt 1angent from the 
Synitile Pol If i I'S fou! nd. 

As Latitude 51 arg. 15 15:7 on ne Pin D21ng 14,5 Inches in length, 
the Declination of the Wall being 65 deg WW eſtward. 

By the TaDlc-Page 5, on No, a: 'T, : of De. clination, the Subſtilcs 
Niſtanc O 1 36 0g. 2.111 in, th © Stiles With l'5 acs. 20 1112. the In- 

clination of tie e Ve 1.11412 1S JO acs. I Min. 


Ctiies He 12ht ud Goo 264. 
15 deg. 20 min, Co-line 964 
Secant 1034. 
Co-ſecant 3781 


By the preceding Rules, having drawn the Subſtile, the Centre 
of the Dyal being ſuppoſed not to be on the Plane;On ſome other 
Plane make a Rectangle Triangle, one of whole Legs 3 Is equal to. 
the length of the Pin = 14,5 Inches ; Then on the end of that 
Leg 1 make an Angle Say, to 74 40', then the other Leg is the 
Diſtance of the Centre from the Subſtile Point: Or by the Doari in 
of Plain Triangles, as in the Eighth Section, thus, 

As the Radius 1s to the Co-tangent of the Stiles Heighth, 


So is the Length of the Pin to the Diſtance of the Centre fron: 
the Subillles Point. 


Radius ' 10.000000 
Co-tang. 18? 20' 10.56 1441 
Pins Length 1 4,5.  1,161368 
Centrual Diſtance5 2,88 1.723309 


Then taking the Difference between the Co-ſecant of the Stiles 
Heighth, 3781 Inches, and the Diſtance of the Centre from the 
Subitite-Polnt, 52,88. viz. 15,07 Inches, and place it on the Sub- 
itile Point towards the Centre, for that the Diſtance of the 


Centre 


a =. Mt 4. 


(43 ». 
— —C__ — a. 2 
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Centre of the Sy -bſtile Point is creater than the Co-ſecant of tne 
Stiles Heighth, where apply a Per pendicular to the Subſtile for tne 
firſt Tangent ; and for the ſecond Tangent take a greater Rains, 


! 


as ſuppoſe double to the other ; then the difference of the Co- 

fcants 37,81 Inches 1s the diita; Ice between the Tangents. Then 

on each Tangent draw the Hours,accorulng to former Directions. 
1: Tangent 2 Tangent 

Hours << at Pole Rad.1000, Rad. 2000. 


FF; 85.01 L 1468 22936 
12, 70.01 2750 5JOO 
F 55.01 1429 2058 
- NED ine) 839 1678 
"' 25 OI 466 932 
4 10.01 179 332 
Subilie 
3+ 4.59 67 174 
6. 19.59 36.4. 72.6 
7. 34 59 699 13609 
G 4959 1191 2392 
Co-ſecant 15% 20 3781 7862 
Secant 1034 2068 


How to make airy Upright Dy al without knowing the Dechnatiun of the 
_ Plane, having the Int nde of tae Place, and the Suns Shadow 04 the 
Plane at Nam . . Eat. J > Bo [5+ 


At a convenient place put an Iron P11 into the Plane, at leaſt 

6 Inches in length, tne Shadow of whoſe end ſhews the Hour, 

— whoſe Iength 15 6,8 Inches. With a Square find 4 the 
Point directly andor it, WIC oh 15 the Subſtile Point. At 12 aClock 
take notice of the end of the Shadow of the Node or Fin at g. 
Then through the the Snbſtile Point d, with a Line and Plummet 
let fall a Per pendicular to the Horizon, as dv, and draw an Ho- 
r1zontal Line through d, as d 12. Through g draw 4 Parallel to 
db, which is the Mer idian, and joyn 72 its Interſection with the 
Horizontal- line to the Node, as m2 e. then the Angle 4 em 1s the 
Declination of the Plane = 46. On the Hor1zontal-line rake 
mn=nme, and make the Angle Mm # & = Elevation of the. Pole 
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A New and Calie <Prthod 
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=J1* 15%: Then at, 
2 where j If C1] ES | 

of the e Dyal ; connect a d, thas: X t Sable eridian, i8 ty 

ie. 


By the Þ ble : 
Dilkne: _ Page 14. for 46* 


5-00 th EN 
25% 46'. The Inc ag d a m. The Si 


Then meaſny WIJ--1; 
Ire 230, the C ae EEE 
the Radite = 1. 0- ane of the SHES Heighth 25% 46'. 


where apply a Perpendicula, for 7 = : the [ENtTC tt , 


the Cent ol EST KS 

ik gy, FER compleat the 7 by Fen 5 T's * an0ther thro! ugh 
[Then on the —_ 6. 46 min. the Radins be? | TE ho Gin doan Ez 
angent-line make C9 = 8 des, 500 = 7 Inches, 


C:10-== Tangent : T1 ia, — 
: 3 deg. W555 If 
TRI: te other ſide IPs G7 OSD 08 £777 
7 = Tangent 21 angen She. 59 11m, —: 2, 


ae, en, 
J9 WL, = 75. 2.39 P1111, — 40, Eo= Tangent 36 aeg, 


And 
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Hours . <at Pole Tangent 
+ BS Rs Of. 1327 


3 © 39 I 732 
IO + a | Th Rad. 1 000 
9.» AN SIne 4.3 4 
Subſtile Stiles Heighth ) Co-ſine goo 


6 « 59 I22 25 deg. 46 min. )Secant 1110 


21--:5-.40 417 Co-ſecant 230c 
36-59 753 


8 

6 '} 

F< -7-$4-*  "IP 1200 
& ©+:::-66; :«- $9 2354 
» ST: 9 7100 
2 $3-.--...-4 1330 
I ET -aNT7 
5 4.03 + t-- 8144- 


And on the Sides of the q make / 5 = { Co-tangent 51 deg. 
8g min. = 39, 14 = - Co-tang. 66. deg. 5g min. = 212, 13 
— - Co-tang. $1 deg. 59 mm. —=70. On the other Side make 
012 = \ Co-tang. 53 deg. 1 min. — 376,.0 1 =. Cotang. 68 deg. 
1 in. = 200, 02 = : Cotang. 83 aeg. 1 mw. Joyn theſe Marks 
to the Centre, then you have the Hours. 


How to make an Upright South Dyal, without knowing the Deciination of 
the Plane, the Elevation of the Pole beins known. 


Firſt place a Pin 1n the Plane at leaſt fix Inches long, as de, 
almoſt upright, but a little inclining ; with a Square find the Point 
directly under 1t, which 1s the Snbſtile Point ; and the end of the 
Pin which gives the Shade, the Stile Point. In the Morning, if 
the Sun ſhines on the Plane, obſerve the end of the Shadow of the 
Stile, aSat 7, and through it draw a Circle, whoſe Centre is the 
Subſtile Point. At ſome other time of the day mark where the 
end of the Stiles Shadow does come to ſome other Point of the 
lame Circle, as at f, connec thoſe two Points f r, then that Line. 
f r will be a Tangent to the Subſtile. _ Trom the Subſtile Point. 4 
let fall a Perpendicular to that Tangent-line, as c d, which is the 
Subſtile. From d with a Line and Plummet, let fall 2 Perpendi- 
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Ll T6 It you dciure to find tneie things without the Table, by Calcy- 

Iu | Iation [ 1:08, 
NS} 
1 Cc-line Subſtiles Diitance 20 227,  5::9:93:7381 lf 
3 Radius | 0.000000 


| Sine Elevation Pole 51 geo. 15 min. 9.892030 : 

Sine Stiles Heighth 25 deg. 47 my. 9.954499 O 

| v Co-{ine Elevation Pole 51 arg. 15 min; "D.J9621---453 41 
431 ROY Mong 19. 000000 ;Q 
4 Sine Subſtiles Diſtance 3o acg. 9.698970 N 
[3% 8 Sine Inclin. Merid. 53 deg. 1 mim, 9.902.4.49 li 


Py Abe 25cm JP: 2545 


Radius I 0.COOO00 R 

"4 Tangent Elevation Pole 51 deg. 15 min. 10.095509 at 
| Tangent Subſtiles Diſtance 3o 4g, 9.761434. fe 
Sine Decliyation Plane 46 cg. 9.856943 ſi 
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| fs XII. How to make aNofturnal Dyal, to ſee what"s aclock at Night by 
hf. the Stars, or at Day by the Sun, when it ſhines bright, or enough to | 
be diſcerned, but not clear to give a ſhadow. vv 


k Though this ſort of Dyal be not common, yet it 1s very uſeful; T 
y For in any Room where there is a Caſement, and a Proſpe&, W 
you may make it, though it does not reſpect the South : I will Ut 
i rſt deſcribe 1t, and ſhew how to make and uſe it. tl 
WM in the Caſement of a Window, a Ring muit be fixed or a 0 
Scotch filed, or the Angle of the Caſement, or ſome othe Mark al 

in tae Caſement,.. or- Bar of the Window, and a String ſome- / 
Ynere in the Ceiling, or in the Wall above the Window in the ye 
Room, be 


— 
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to the Art of Dyalling. 
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Room, to be fixed according to Art, in a South Plane, or {om?- 
where below, in a North Plane: In the inner Side of the Win- 
dow, by the Motion of the String, the Plane of the Dyal 1s de- 
ſ-ribed, - as if it were of Boards faſtned to the Window , and 
- the Hours are to be placed on the Wall on the iniid2 of the 
Window, 


How tn ule the Nolturnal Dyal. 


The Caſement being open, you muſt move your Body till you 
ſee the Sun or Star through the Mark or Ring, then move your 
String, keeping it ſtrained till your Eye, the Sun or Star, and the 
String, are all in one right Line, then the String ſhews the Hour 
of the Day by the Sun, and of the Night by the Star. From 
whoſe Right Aſcenſion take the Suns Right Aſcenſion ( But ut 
the Stars Right Aſcenſion be too little, add 24 Hours to it ) then 


| the remainder added to the Stars Hour, gives the Time of the 


Night : if the Sun ſhine bright, move the String, till the Sun 
ſhines through the Ring or Mark on it, and it gives you the Time 
of the Day. It 1s of excellent uſe to find the difference of the 


Right Aſcenſion, of any two Stars that are before the Dyal ; for 


at the ſame time you ſee what is aclock by each Star ; and the dif- 


ference of the Hours ſhews the difference of their Right Aſcen- 
Non. = Es 


How to make the Nofiurnal Dya!. 


You are firſt to take the Declination of the out-ſide of the 
Wall, and accordingly nominate your Dyal ; then the String e- 
ing fixed on the inſide of the Wall, and the Wall of an egna! 
Thickneſs, the Motion of the String does deſcribe a Plane even 
with the infide of the Window, and parallel to the outiide ; fo 
tnat you are to meaſure in equal parts, the neareſt Diſtan-e of 
the Ring or Scotch, from the Plane, deſcribed by the Motion 
of the String, and then the Dyal is the ſame with that Numb. X. 
and 10 to be made. 

” If the Dyal be on a North Plane, then inſtead of a String, 


mos vie a Ruler, for that the Centre of the Dyal will be 


F There 


LR RS rr nr nn 2005S AVG AE LG EXCEL A Rt Bb EI I IP 5 


34 


AK 


A New and Eaſie Method 


_ Þ-v ; FCE 6 » 
w . - & "x Ls 27 FOR LIES Sn. 4.4, 
5 ' . g o Xu 2 Z 4 
| "4 a » = $+ >. oar#.2" F 2 SN. 
** « " Fin ET Sow oe th 9 7 
a $2n<e aa * . ts WF W9- 6, "ta" p 
—__ EIB 3 as CORE IP TNT Er ren 4 
"> ” - nk ny oo 0s ” ©. þ © Se 
*”, 5. CR < 2c Tg —_ 
<3 LN va; «to *; v* 
/ +. RE 
—F + 0 - : 5 


+. 
o Ct, 
- One NE gh $o th 


There is a South Window, declining weſtward, 10%, Lat. 
J1* I1O', Where a Ring 1s fixt to the middle of the Caſement, 
Whoſe Diſtance from the Sub-ſtile Point, on the Plane, deſcribed 
by the String, Is 10,8 Inches, 
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We mult conceive the Plane k1z h, to be the inſide of the Win- 
dow, g f 4 pleceof Bord faſtned to receive. the Centre of the 
Dyal, to which the tri::;z 1s to be fixed, e to be the Ring in the 
Caſement, and the Node or one Point of the Stile, whoſe Di- 
ſtance from -, th? $45-[tile Point is 10,8 Inches z but foraſmuci 
as it cannot be draw on the Window, 1et it be done on a Tablc- 
Board, deſcribing tne Plane k& 13h, and on each Side its true 


Diſtance from 4, the Sub-ſtile Point ; let e 46 be Perpendicular 
4 _ EMS: 1 
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to the Horizon, and 4e = 10,8 Inches, make d mz » ner pendl- 
cular to 4e, and the Angle de m — Declination of the Plane — 
10%, Which place to the Right-hand, becauſe the Window de- 
clines Weſtward ; at m2 where 1t cuts the Horizontal Line 4d #, 1s 
one Point of the Mert.iian, where draw a parallel Line to 46, 

for the Meridian; then on the Horizontal Line make m2 = = me, 
and the Angle m# 4 = Elevation of the Pole =51® 10; and at 
a, Where lt cuts the Meridian, 1s the Centre of the Dyal, where 

faſten a piece of Board, as £ PF; To take the Centre, joyn ad, 

that is the Sub-ſtile; then by the Table-page 16, for 10? de ali- 
nation the Sub-ſtiies Dutance is 75* 58', Stiles hexohth 382 77, 
inclination of the Meridians 12% 45/ : Then take the Co-fcant 
of the Stiles h2ighth 382 7' = 162, the Radius being 190, and 
place it from the Centre on the Sub-ſtile from 2 to 5, where draw 
a langent, as r sf. 

Then take the equal Parts that each Hour maies on the Y 
gent with the Sab-ſtile, as in the } Margent vefore the Dyal, and 
place theſe Parts on the Tangent from the Sub-tilz, and joyn 
them to the Centre, and the Dyal is finiſhed. Here is no occali- 
on of finifhing the i, for that the Tangent 75t continned, wiil 
«contain as many Hours as Wil ihine on the Plane; but if yoa are 
deſirous to deſcribe the D, make ac, ap, sr, 5t — Sine 38* 7 
= 62 jJoyn pa, ct, your O 1s Enifhed. 

Obſerve, In theſe NoQturnal Dyals, the Hours to be diifering 
from other Upright Dyals, for £n Mor ning-Hours ere on the 

F 2 * Right 
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Right-hand, and the Evening-hours on the Left-hand, for that 
we do ſtand on the North-fide of the Dyal, as in Chap. 3. 

If the Piece of Board gf had not been faſtned to have cut the 
Centre, then the String might have been fixed to the Ceiling at 
q, where the Line 7 being continued, touches the Ceiling ; 
but then the Plane is not an upright, but an inclining Plane, 
yet the Dyal will be true ; neither 1s 1t properly a Plane to the 
Hours that are on the Sides of the Window, but the Motion cf 
the Siring deſcribes an irregular Body, yet the Dyal will go 
LIU? | 

TheLine 24g, though it 15 here to the Right-hand, yet on 

he Dyal it is cn the Meridian: If the Thred be fixt above, 
and drawn through the Ring and ſtrained, it repreſents the Stile, 
and will make an Angle with the Quadrant equal to the Elevation 
of the Pole = 51*© 10, 


KV. How to make any Upright, Declining Dyal for any Latitude. 
. without the Table-page 15, Lat. 51® 15', declining Eaſtward, 25. 


Let a be the Centre of the Dyal; 4 6 the Meridian, which cut 
at right Angles with the Line ea; make the Angle ead equa] 
Co-clevation of the Pole = 38? 45' 3 then make the Angle b eg = 

eclination of the Plane = 25?, and place 


- left- 1: 0 Faſtward. 
the Angle to the : righ a. hand, the Plane declining No tar 


make eg = ed, and draw g# parallel to 4h the Meridian, 
joyn 4, that is the Sub-ſtile, to which at 2 apply mz Per- 
pendicular to the Sub-ſtile a =, let m# be = 29g, connect a m 
that is the Stile. So that the Angle 2 ae 1s the Sub-ſtiles Di- 
ſtance, and the Angle 2 am 1s the Stiles Heighth = 34® 33, take 
its Co-ſecant 176, and place it from the Centre 4 on the Sub- 
Itile to h, where, at Right-angles to the Sub-ſtile apply a Tan- 
gent, and mark the Hours as uſual. To find the Inclination of 
the Meridians, from þ take its neareſt Diſtance to the Stile, and 
place 1t on the Sub-ſtile from þ to f, connet fo where the 
Tangent cuts the Meridian, then the Angle hf 6 is the Inclins- 
tion of the Meridians. 
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It you compare this Method with the 10 Section, you will find 
them both to be done on the fame ground; for in both, the Ele- 
vation of the Pole, and the Declination of the Plane are given, 
and 1n that the length of the Stile from the Plane in equal Parts, 
VI. 2g 18 given, and the Diſtance of the Centre on the Miert- 
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3.8 Nt th, 8 oF. my 
I i. dian from the Horizontal Line, viz. e 4 1s fought after ; In this 
I.. 'b ea 15 given, and zg 1s fought, and if you work according to 
* 6 the Directions there given. The ſecond way : Suppoling »s the 
: is Length of the Stile to be given, you will find the Centre a: As 
18 Ict 5#d be a Rectangle, gn tbe Lengtn of the Stile, 2d the 
LG þ Hor1zontal-Line, make the Angle 2g e = Declination of the 
a4 4 Wall = 252, and ate, where It cuts the Hor1zontal-Line, 1s one 
HW Om Pcint of the Meridian ; let a eb beparallel to zs, then 4ecb is the 
[16] {4 Meridian or Hour of 12; joyn eg, and make ed =eg, and the | 
, I 4 Angle c da = Elevation of the Pole 512 15'; then at a, where it 
| 478108 cuts the Meridian, is the Centre of the Dyal ; joyn a, that is the 
I W 1] Sub- ſtile; at = erecta Perpendicular to theSnb-ſtile 2 z, as n m, 


and equal to ng, conne& 4m, that is the Stile, and the Angle 
24e 1s the Sub-ſtiles Diſtance, and the Angle 2am the Stiles 
[Hs f Heighth: Let þb be a Tangent-line to the Sub-ſtile, and hf 


4 the neareſt Diſtance of the Tangent to the Stile ; joyn fb, then 
kh the Angle þ f b is the Inclination of the Meridians, which Angles, 
"Y! if you meaſure with a Line of Chords, you will find them agree- 
L ing with the Table-page 16 ; but foraſmuch as they cannot be ſo 
| exactly meaſured as calculated, I will give you the Calculation 
by plain Triangles. 
| 1 £,acd given ae = 275, < 
ead, Co-elevation 38 45 to 3 £, ear given, ae 278, ne 
Tt nnd de Radius. 93 26, to can an, 
A OO ae 275 O44 2.439263 eaAlTS 2.439263 
? | Re Tangent ead 38 45 9.904491 eng326 1.969702Sublt.d. 
- $0 de 2206 2343754 Rad. 10. 
| 18 UE Tan.can 18 4.4. 9.530439 
WG 2 4, eng given, ge=de 220 
KN 6, << eg n= Declination 
Wy: -- 25, to find ze gn Radius. 4 Sine earn i844 9.506727 
2 1 08 ge (de) 2206 2.343754 &n 9326 1.969702 
440d Sine egn 25 9,625945 Sine aen 90 1 0.000000 
Wo bh _neg3z 26 1.969702 an290 4 2.462975 
' 1 SINe ger 65 9.957276 
| "Hs & 2 200 2.301030 
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5 Neko given, 47 nm tO 
find 2.4 Mm. 


an 2904 2.462975 
2m 200 2.30103 oStules h, 
Rad. fo 
Tang. am 
3433 9830055 


Fo; ahb g1Ven, #h =: Co- 
 ſecant, Stiles heighth 34 33 
= 352,6, Radius = 200, < 
ha b — Sub-ſtiles Diſtance, 
1344, to find þ6. 


Radius I O. ODDOOCO 
ah 3526 2.547282 
Tang. hab 18 44 9530439 
bb 1196 2.077721 


TO, fb b given, bf = 4e = 
Radius bh x196, to find 


<< bf b. 
h f' 200 2-301030 
hb 1196 2.077721 
Radius I ©. 
Tang. b<fb3053 9.776691 


Inclination of the Meridian 
agreeing with the Table- 
Page 15. 


It »g, the Heighth of the Stile 
in equal parts be given, 

1 4, eng glven, 277 200, < 
e 1 g,Declination of the Plane 
25, tofind ze ve. 


SIC ug 65 9.957276 
7g 200 2.301030 
Sine egn 25 9.625948 
1e 93 26 I-969702 
Sine eng 90. I 0.000000 
£6 2206 2.343754. 


2 8, aca given, de(ge) 
220,65, < ade = Fleyati- 
on of thePole5r 15to find ac. 

Radius IO. 
ac (ge ) 220,6 2.343754 

Tangent adeg1 15 10.09550g 
at 275 O44 2.439263 


Thea proceed as before. 


If you are deſirous to deſcribe a Dyal on a Declining, Inclin- 
ing Plane, I conceive Calculation to be the beſt way, the multipli- 
city of Lines being apt to breed error in the Geometrical ; there- 
fore ſhall ſay nothing of that, but leave to larger Authors, as 
Mr. Wells, Mr. Gunter, &c. Yet wuaen you have found the Sub- 
ſtile, and the Stile, you may draw the Hours bv this Method. 
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How to make any Eref# Dyal from the Horizontal, whethes 
it be a Dive# South Dyal, or a Declining. 


Hm: made an Horizontal Dyal for that Latitude, wiz. 513 


30', at a convenient Diſtance draw a Perpendicular to the 


Meridian, as b f 4. 
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I. 4 Dire& South Dyal. 


Then, if you are to delincate a Dire& South Dyal, on Your 
Plane draw two Lines q<s, << cutting the other at Right 
Angles at <<, them < 215 the Meridian 5 mark tne fame Di- 
viſions on the Line q<<-s, as there are on fd, 1.6. <1, < I! 
= Ft, 7-1, << 2, <<:10, 710; 7:2, <c3, <Q 9 = 9, f 3» 
<4 << 6=T 3; 14<'S$, <7 = 77575, then on tiie-Merl- 
dian make << m — fd, then m 1s the Centre of the Dyal, winch 
connect to the Marks before made, you have the Hours from 5 to 
7 : Through the Centre draw a Perpendicular to the Meridian, 
that is the Hour of 6; then on this Dyal place <b = to f 4 
on the Horizontal and joyn #26, you have the Stile: You 
muſt remember to mark your Hours right, the Hours on your 
Right-hand are Afternoon, and hours on the Left-hand Morning 
Hours. 


WU. An Ereft Eaſt or Weſt Dyal. 


Make an Angle with the Meridian = < f 44, on the Hori- 
zontal Dyal, and 
if it +Eaſt 5 Place the , Left- 
be an SWeſt F< to the | Right | 12nd a8 < mb 


then mb, which on the South Dyal is the Stile, here it is the 


Hour of 6 and Subſtile, which croſles at Right-Angles, that is the 
Tangent ; then take thoſe Diſtances that are on the Line fd in 
the Horizontal, as fr, f'2, f 3, and place them on the Tangent- 
Line from the Sub-ſtile on both Sides of it, where draw Parallel- 
Lines to the Sub-ſtile, you have the Honrs 3 thoſe next the Subh- 
Itile are the Hours of 5 and 7, and the ſecond from the Sub-ſtile 
are the Hours of 4 and 8, &'c. This Stile having no Angle of Al- 


| titude, muſt be equal in length to the Hour cf 3 =F3; Iv 
Hor1zontals. | 


I. Az Erect Dyal, acchning Eaſtward 15”, Lat. $1* 30! 


= 


Having on the Horizontal Dyal drawn vfa, at 7, where it. 


cuts the Meridian make the Angle bfc = to the Declination 
of 
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T, TE Plane ==23* 3 and to the 166 and. being it decline Eaſt- 
ward ( to the Right, if it had declined Weſtward ). 

Then, having erected < m2 perpendicular to the Line q << s, 
mark the ſame Diviſions on the Lines q<<s on the Declination 
as there are on the Lins kf w, on the Hor1zontal, beginning at 
the Mcr:idian. as make <1 on the pe yrony Tok =.7-e- on the 
Horizontal '<<-10 = fr, <<-10= ETA =, 


= # 
| £.þ an LS 'C CE +h - FIRING 
<6 — 7k, ang on the other Side of th het aun: << 1.= fh. 
4 A S HN #2 JA + = 
<2 =/xX,; and << =... On the. Horzontal,.-irom-the 
_ oo 1Y-”.- Ty .. hy _ PO os 4 = * 
Centre 4a, let {&!] a Perpcadicular to the Line kw, as 47, then 
£ +1 Ei TSS 18 


f 1 15 the Sub-ſtiics Diitance, to which make <2 on the Decli- 
nd make << #2 on the Meridian of the Decliner = 
| {:0rtz: nal, joyn mm, that is the Sub-ſtile, -and nz 
1s the Centre of the Dyal, wHll < connect to tne former Mark, 
and you have the Honrs; at =, where the Subſtile cuts the Ho- 
rizontal Line 9 s, erect the Perpendicular #0, and make 0 = 
to 12 on the Horizontal, which 1s the Stiles Heighth, joyn m0 
that 1s the Stile. 


IV. How to make any Upright Dye, without taking the Declination 
of the Wall, having the Latitude of the Place, and the Shade of the 
Sun at Noon ; 1.e. the Dyal N? 12, though it has no Centre by 
tne Horizontal, 


Let 4c be a Pin fixt into the Wall, & the Sub-ſtile-Point, 
e the Node, or the top of the Pin, dg its Shade at Noon, 
through g let tall the Perpendicular to the Horizon, as mg m, 
whichis mg z the Meridian, through the Sub-ſtile-Point & draw 
an Horizontal Line, as dm, joyn em; then the Angle dem 
1s the Declinition of the Plane a; then from the Horizoatal take 
the Divition cach Hour does make on the Line c f w from the Me- 
ridian, and place them on the Decliner from 2 on the Horizon- 
tal Lins md, 43 it 18 in the Margent. 

Then make on the Mezriliaa of the Dzclination 1m a-== £4, 
then 4 15 th? Ceatre of the Dyal : But here being ſuppoſed to be 
none 01 the Plane, at a conveniznt Diſtance on the Horizont2;, 
draw anotir Line parallel to fd, as bl, and at h, where it 
cuts th2 Meridian a Parallel to the Line c 72 then on the Hort 


Zontil take the Difference between hl and f 4, which 1s we 
6 


— —_— 


to the Art of Dyalling. | 


i... A 


—_ _ . 


I 


SS DAG WS = SAWS as @ @ bk 


we LL oecnerorfiwemn1y 
0-7-2 


and place it on the Meridian of the Declina- 
tion fromm to uv, where draw a Parallel to m2 &, 
25 kn, then take the Diſtance each Hour does 
make on the Horizontal an the Line g 5 from 
the Meridian, and place it on the Meridian of 
the Decliner from 7, as in the Margent ; then 
connect the Marks on both Parallels of the fame 
Hours, and your Dyal 1s finiſhed. 

Here 1s no need of finding the Subſtile, for 4 
IS one Point of it; nor the Stiles Heighth , 
for it 15 given, it being =4= 47, and e is 
the Node, or one Point of the Stile. 

If the two Parallel. Lines dm, - kn be fir 
drawn on the. Decliner, then take the Diitance 
on the Meridian between » and 7, and place it 
on the Horizontal, on the Line fd, 4. from d to 
z, Where draw a Parallel to the Mer idian, as 
z/; andat 1, where it cuts the Stile, let fall a 
Perpendicular to the Meridian, a 
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the Meridian, draw a Parallel to cf as £h; then, as 1s before di- 
rected, take the Diſtances cach hour does make on that Line h g, 
and transfer them to the Line &k # on the Decliner, and proceed 
as before, and your Dyal is finiſhed. 

In fore Planes this Method is to be performed before the de- 
lincating of a Dyal by a Tangent to the Sub-{{1le or Calculation, 


& 


for wien there 1s no Centre, 1t cannot be drawn by a Line of 
Chords but by a Tangent-Line; and in many Planes a Tangent 
Cannor Bt Grawn to ire Sub-ſtile, where it may to the Meridian, 
it bing but an Hcrizontal-line, as In Windows. 

On avy Point cf the Meridian of the florizontal, make the 
Angle ; 4 = to the Complement of the Ancle dem on the De- 
cliner, b4i29 ©E2 Angle of |: Deciination of tne Plane. From #2, 
the Centre of ts Lyal, 3ct faila Perpendicular to gh, as ag, 
and on the Ferpentdicular mike 47; =8&e, the Þ1n of the Decliner, 


3 
7 


= - [ as & *S & T : ix 8 FIN 0/* rv ? | nN nN ay d-4 - 
Vnere draw a Lige Parallel tn: gh, as cf, andat f where it 
as Fam 3 pry | SELF nes * %- an > * 4 YL 4 A 6 C F x | 
cuts the Meridian, erect a Perpendicular, as 7 4. 
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How to deſcribe the Tropiques and other Circles of Declination 
of the Sun on a Plain Dyal, theelevation of the Pole, and 
the Sitn's Declination being given , firſf Geometrically, 
then Arithmetically. | 


F the Stiles Heighth on the Plane be leſs than the Complement 
of the Sun's Declination, the end of the Shade of the Stile 
does deſcribe an Hyperbole ; 1f equal a Parabole, if greater an 
Elipſe ; 1 will give you an Example of Horizontal Dyals of each 
ſort , though the firſt and ſecond never happens in England, but 
on Inclning or Reclining Planes. 

I. An Horizontal Dyal, the elevation of the Pole being 66* 3o', 
At Zonan ;, it beinga North Plane inclining to the Horizon 15% 
2. An Horizontal Dyal for the Latitude of $02; or at Lozdow, 

a North Plane inclining to the Horizon*2$® 30. 
3. An Horizontal Dyal for Zondon, whoſe Latitude is $1 30 
Draw 2 Lines, interſcCting at Right Angles, as jd 6, 1 6: 
] ct 


to the Art of Dyalling. 


Let i, the Point of InterſeGion; be the Centre of the Dyal, FP 
the Meridian or Hour of 12, make the Angle 65 y = Elevation 
of the Pole = 66* 3o', Fig. 1 = 80®, Fig. 2 = 51*30', Fig. 33 
then 63 1s the Stile or Axe of the World, from any Point of 
the Stile, as b, let fall a Perpenccy! ar to the Sub-ſtile, as 6b Y 
which 1s the Len oth of the Stiie from the Plane, then at the Node 
or Vertex b, make the Angles 76d, 7bg, equal to the Comple- 
ment of the Sun's Declination 66? 30 - when he 1s in the Tro- 
piques, imaxe be = bd, j>yn 24, then the Ifoſceles Triangle 
bd is the T Tiangic of the Cone biſeted through it's Axe, and 
the Stile bz 1s the Axe of the Worid and of the Cone, and 4 
where it cuts the Meridian is the Vertcx of the Curve, when the 
Sun is in the Tropique of S, which ia the Firſt Figure you may 
perceive to be a Parabcle, for that the Side of the Cone 6 g is 
parallel to the Axez4: From d, with the Dilfance g d cat. gb 
continued in k, then gk 1s the Parameter of the Parabole, of 
which take ; part, and place 1t on the Meridian or Axe from 
d to p, then p 1s the Pole or Focus of the ſaid Parabole. 

The 2 Figure 1s an Elipie, for that gb, the Side of the Cone 
continued, does cut the Axe in w, below the Vertex 4. 

The 3 Figure 1s an Hyperbole, for that g b the Side of the 
Cone continued, cuts the Axe 1n w, abovethe Vertex 4d, and ſo 
1s the Vertex of the oppolite Hyperbole, when the <nn 1s in the 
the Tropique of V?, 

1n both theſe dw 1s the Tranſverſe Axe, which if you biſect 
in 4, then 41s the Centre of the ſaid Curve's, and gw is the Fo- 
cal Diſtance, which If you biſe&t inr, and put tw from the Cen- 
tre a, both ways on the Axe, as ap, am, you have pm, the 
Poles or Focufles of the faid Sections: 

'Then on each of theſe Figures apply ſeveral Perpendic jars to. 


the Axe at the Vertexes, Poles, Centres, and other Points of 


the Axe; asd4q, pu, ax, 5,05, make at the Vertex a q= Gp; ; 
and in the Parabole, Fig. 1, pa —=24p, nes = a, that 1s tne 
Focal Tangent, which 1s a Line that touches t To VC, WIHETE 
an Ordinate applyed to the Axe at the Focus ons it. 

And 1n the other two Curves, at the Cent 


Tt 
which in the Hyperbole, Fig. 3, place on the otter Side of the 


Axe; joynxq, that is the Focal Tangent of theſe two Se- 


ctions. 


Then. 
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46. A $N2ew and Ealie WBethod 


— 


T hen ON each | of theſe Perpendiculars, with the neareſt Diſtance | 
between the Axe and the Focal Tangent z s from the Pole p, 


Y10gs Craw at Arca, cutting the ſaid Perpendicular in 7, then all theſe 
Wot 7's Are FI ts of the aid Curve, which if you joyn with a ſtea- 
\ | dy rh Ou have the Section deſired. 
\ In all thek Sections, the Ordinate h u, which paſſes through 
F 1 he Focus, 1s the Parameter or latus eflum of the Axe, Figure 3 ; 
Tok the oppoſite Hyperboles are the ſame, having the fame Axes and 
j Centre, and the ſame Focal Diſtance. 
ff In the HyPer bole, from the Centre a, with the Semi-focal Di- 
1 ſtance, cut the Tangent of the Axe in f, then df is the Length 6 
| ot the Semi-conjugate Axe, which if you connect to the Centre, 
F and continue, you have one of the Aſymptotes, that is a Line, to 
v which the Hyperbole does grow nearer and nearer, but never 
| touch. 
I; I do make but one half of the Dyal, leſt too many Lines ſhoule 
L make a Confuſion. 
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to the Art of Dy 


The Angles the Hours make 
with the Meridian 1n the Pa- 
raboale by Calculation, Lat. 


66 ZO, 
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The Angles tne Hours make 
with the Meridian in the Hy- 
perbole, by calculation, Lat. 


512 30. 
L p 
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The Angles 


with the Me 
 lipſe, Lat. 802. 
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the Hours make 
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CL AVALLL 


14 
29 
44 
59 
74 
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Lat*89; m+ \ F, 7B: 2. 


You will find in Zfidorging, 
S. Vincent, and others, that treat 
of the Conicks, ſeveral other 
ways from theſe Lines to draw 
the Curves, but none ſo Uni- 
verial and eaſe as this. 


The Gronnd of this 1s the Dottrin of the Conick Sections, 
tor the Shade of a Stile on an EquinoGtial Plane, does deſcribe a 
Cone, whoſe Baſe 1s the Circle on the Plane, and whoſe Axe is 

_ the Stile, and all other Planes do cut this Cone obliquely, f as you 
iee the. ſeveral Sections do ariſe : Indeed, if the Sun be near the 
-quator, it does properly deſcribe a Spiral Line z but the daily 
Motion of the Suns Declination being { little, about 24, that 


It may be accountcd a Circle. 


It 


fn 
v= | 
AD. | «UL 
V4 + 3 1T * z 
S DE He ew 
DC Promo, f4e1{þ 
x only bay LIISRS 


RS ALETLT | 


: WA | $ommreernn 
"No , 


4A New and E 


od , 
? o 
] LI - 
Sor eo 1p T 
"Sg _—— — 
s 58 
a 
Fd 
| | 
"Y 


* ® © & ® 
AL CE ESE EIT LEE I ET EE ET TT. ® @ © @ we 


fon wc ooo coreeoeoss 


on on nine ee EEE ET ETESYYYTY EPR » o& - v9 * w = 
OY MAAS NENT F nee oogore roars cer Ee att Les 
_ 


% 
4 ww 
_- —_— ——— — —— - 


4 


PEE, WT Pay *% =” 
IS, hr Bs 
- 


- _— ro 18. p 
+» — is * 
OP -wÞ+-——% -— . —Y bf - 4; L ow. 3 . 
Full + Ie WS 5 SE. 
LY CITES » "a, I W- 


” 


<—e *. 
Ys, 


2 To Set A EET 


to the Art of Dyalling, 


neon 


If you deire theſe Lines in Num»oers, ſuppoſe by the rag 
Helg hth in equal Parts to bz 1 00009, then 1n the Parabole, Fig. 
y d 1s the Tangent of the Angle As þb = 43% the Complement I 
the Sun's Merilional Altitude, when he isin the Tropique of ww; 
Lat. 65? 30 —= 93251, and v4 1s the Secant of the ſame Angle 
136732, then by Trigonometry you may find & 4, the Paſe of 
the Cone, and & & the Parameter : Thus, 


Sine bg d 23 30 9.600700-3and for-yv d 136732 5.135873 


Meds 136732 5-135873Q that bda( gd 250786 5-399300 
ine £bd 133 047 - FRGTITOE® 2 > + 250785 5.399300 
= 250706 ” $+-399300 : k 459970 5.662727 


1Tne Parameter. 
In an Elipſe, Lat. 80?, Fig. 2 


wa theſumm —of yow and yb4d the Comple- Trantiverſe, 
of theTangents ment of the Sun's Mer dionalf Axe, þ 
w 7 the ditterence\ Altitude , when he 1s in the ” Focal, il 
of the Secants Tropique of S, 1s the Diſtance. ; \ 


wy Tang. ybw 76 30 41653 303%? SCCAant y Þ w 76 30 428366 
y 4 Tang. yb d 5630 151083 -—b d Secant yo d 56 30 r911.60 


OB —— - — — 


— 


w A theTranſverſe Axe $67613\wg Focal Diſtance 247186 
« Semi-tranſverſe Axe 2.83806 Ip = Semi-focal Diſtance 123593 


In an Hyperbole, Fig. 3. Lat. 512 3G. 
wd the Difference - of ybw and yb 4 the Comple-) Tranſver{ſ. 
of the Tangents. ) ment of the zun's Meridional Axe, 
w 7 the Summ or FAKUTage » when he 15 in the” Focal 


the Secants. Tropiques, 1s the ) Diicance. 


wy Tang. ybw 75 373205 : 
y a Tang, yod 28 II FEE be SECANL y 


How to make an Eret, Dirett Sout! Dyal, ſnewins rhe Hows of the 
Sun's rifins, for London, Lat. $47:30f. 

To do which, we mak araw two pair of oppolite Hyperboles 

for the Declination of the Sun, when ne r1fes at 4 and 5 a Clock. 

Firlt, 


» 


——_— 
- . k > + whe - 
TO 0 OI O ID ORE PAI ECO WIE "I LO AR ny, 


"> Sc, 
LY 

= en 

IJ a 

4 

-_ 

/ 
/ Pd 

A200 ws, +> SS @.0c ic @*+ + © 

Ml 

x 


/ 
[ 


N 
n*®1z =» ww ww ww 2 BW SV «= =» a” «x, aw Lo o ©» = @ == «- = « «a ao «am —©= ©@ man S na ae > © -o «a of < ye. Seca A E E en _ 
. . 4 : + i } ” yn ne” br! 0 - in * " 57 =» om ww es ww oo @ wy = - 2» ae E V » ww. = 
# uu k 2 4s % e H. o 
4 x of ' To, + : f® * v4 on - -_ cy , 3 
x » . . £ L Pb oy [ - => © &@ SS Bw © <@ .. «© = - ws Ss a =s- 3,6 "a a= 4a Aa Aa &4 = -” «a > > « a AA _—_— ERS j By res WO TER X& ES APE. > 4 p D _ od i" 6 Fo 
n 8 & OS ? - - 1 — *; ; 1 \ RO Hoo oo » 
. [:} a Fs. ER # = Pl || 5 —_—_ _———_—_— \\ r 4 b, % _— - bf] - % «a 
Po _ : q Te ! —_— \ £ % py 74 bf ,/ 
" - : " be. - . 8 RT were SIRE ——_ aaron OO n a _ "%g - hy. 
[3 _ Kd » ” 4 ws . A ' bi p t _ \ G N . \, : I : . 4 
% o A & _ 
| » o X gr. 2 bl - C& j Y X 4 __—— % - " 
1 o = . 2 +s\ gre © : , & 
e o x of 1 © ! ® ® nee "Go omeo.o awe. au uv = is ao ai a6 4 a +# C 4, 8- 8 \ 9 4 
1 , O - F #.. 9 p 6 hd EE —, * 4 bf 
® & - e & mL TD —c LY _ _—_— T n—_—_ —— K \, nf LI & 
z - 8 ; , a P - « q Ep 1 " pRmey : \ ; x \ ' J - 
| 4 s Py PF X 4 d ' v ad s . y \ ' . : © 
a v E y9 r * 4 2 / Fe - c : \ » Y ; X 
8 || - F ' Ys s 0 ay 7 : 4 - C&. . 4 
ov T > - - oy / Ll * » a 5 / F bh 4 o : \ * = % Y £ 
o - [1 by Ll _ o m oy \ [ ” X 0 J « 
gurmmnr ie. - - FA ORIG Ry DE k _— —— oy. 2 OSD ol " NSIYY _ EATERS” 1 \ s ' \ \ - by. 
» —= 5 if j—- P / e of id / - 6's i332 OY |. __ Wo" BE ates ; OR en Oe VAI "peg TH _ 40> ——— as © DL a__ 
. F o a=», o \ w : ra. = 
be: mom. 06 es =. oo. a1'v ea oo: a> a «a «e. - 6 —" = ' >» a wm * =. 7 - ao] n= + =. oo «9 - > £c as oF © - utc - 6 ED bs in ons s Ea. eSESES.c as "J- 2 : > Ss - ; 
s fr s 5 - a i 4 7 © «= a - - 
. e | « , 's e \ : . 
oy n « Lo / p 6 ' Ju Fl 0 s , < 
« g os « - [| « 
4 \ !S þ . % 
. ENTS WB. DS _—_ OO: oo [5 ; _ » 4 = ea => s nt of = . : d a KD : w a # 2% ſ Ws: L +5 6 | 3 4 ' 5 "oi Fl ev _ 2, -v F7 py, 
6 - of -- G'S. OWED m5 7-0 td. 8. f o3oO00 « « w ws @ -« S & @ mY = oe M4 LR 06. 17 ns > woe © - * awe oa 4. > + 4A . 
* 0 J 9 'vL - - ” -—_ ; * 
| $ ' 4 s - ec 3 , C Fig As -= s (0) : \ k Z "g PA [fe SY = 2 - 3% A Ps ww 
4 2 , 
" Y n [ a 8 , ; 7 l \ 4 5 : hy E - : 
6 4 " , « 2 [ as « \ 
. . * £ p : t ; 4 \ - * . : 
: v , / ' : 22 " \ : \ 
I ec o k ; & 0 ba 
ney | . 
[1 - ba 
s 


SS T7 © © &' 8 


— 


EN EEE 
— 
> 
- 
— 
oy 


RJ 


/ 


{ 


Bo 


» 

” 
= 
© 6 a 
[3 
a 


_ 
£ 
= 


; / h 
d . / : "= - rn PF, l \ s 
q 4 Y F "Oo on q m_GG_. : \ - 
t . / . Bo” ol : ” -G No es» ; DD, ” a: ; \ ; 
E- YT oo ol 2 . 
: f:. 4 ” ; {) (2, DN £1 \ : . 
s | / vw & 7 VN . . 
- / 0 7 
- E / | \ a.” - 
St oINIUn f S1I Bax | 
| "= # } 
"| > | WM [PIcJ-y3INOS \ "» 
& S 4 
#1 | 


_ 


f - REED = _ - 
3 Sr re A 4 Eo I. jy IE; hays of id 0 AI 
EEE AIC CE Jer SAS 


to the Art of Dyalling. 
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Firſt, By Trlupoonictty fnd hat Declination the Syn has, 
when he riſes at 4 and's aclock, Latitude 519 30, thus, 


Radins Having found the Suns Decli. 
Co-tangent 5130 9.900605 nation when he riſes at 4, to 
Sine 30 for 4 9.698970 be 21? 41', at 5 to be 112 38, 
Tangent 9.599575 then we are by the foregoing 


Suns Declin. 21 41 for 4 and 8. Mertod to find the Me ridional 
Alt! itnde, by ICS and cub- 


Sine 15, for 5 9.412996 ſtradting 21 41, to and from 
Tang. of Suns Declin. 9.31 3601 the Co- elevation of the Pole, 
10 3% tor 5209. 7, then yon have the Tranſverſe 


382 30'Co-elevat. of thePole, Axe and Focal Diſtance. 

21 41 Declination of the Sun. 

Somm 60 11 WL w The Suns Meridianal AIl-1 , aclock. 
Ditteren.!6 49 jyv& /titude when he riſes, as, 3 aclock. 


Tang, yow 6011 174492 | Secant yb w 60 11 201I15 
Tang. yod 16 49 30223 pa ybd 16 49 164467 
Tranſverſe Axe 144269 | Focal Diſtance 4 305552 


« = Semi-tranſv.Axe 72134) p = Semi-focal Diſtance 15279t 


Having found the Tranſverſe Axe, and the Focal Diſtance, we 
muſt ſeek the conjugate Axe , by taking the difference of the 
Squares of the Focal Diſtance and rranſverſie Axe, waich is the 
SGuare of the the Conjugate Axe: Or by Logaritams take half 
the Summ of the Logarithms of the Summ and DIRT ence of the 
Focal Diſtance and tranſverſe Axe, that is the Logarithm of the 
conjugate ALE: 

Let « = Semi-tranſyerſe Axe: p = Semi-focal Diſtance 5 — 
Semi-conjugate Axe. x 


Logarithm 
a 22.4926 _$-352039 
p x 80656 4 906625 
) Þ = KR = 181g oo 10.258664 
OP = 134690 goon me $.129332 
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52. A New and Eaſie Method 


_— 


—_—_—— 


W- = 


After the ſame manner we muſt find the Tranſverſe Axe, Fo- 
cal Diſtance and Conjugate Axe for 5 and 7, thus, 


38* 3o' Co-elevation of the Pole 
11 38 Declination of the Sun. 


Summ Fo 8] 5 w\ the Sun's Meridional Al-? 5 a clock 
Ditter. --26:52:5 ©5908 F titude,when he riſes at 57 a clock 


Tang. ybw 508 119740 | Secant ybw 5OB 156205 
ang. yÞbd 2652 50660 ; Secant ybd 2652 1i2100_ 
Tranſverſe Axe 69080 « Focal Diſtance 268105 


« == Scmi-rranſverſe Axe 34540 J p = Semifocal Dilt. 134052 


pines 163592 5.226938 
| ht rmocde 9912 4.947875 
pp—**=SS=167771 10.2247 16 
ON S=120527 5.112350 


Having found the principal Lines of each pair of Hyperboles, 

we are next to find the Points of the Curyes: In the Recangle 
Parallelogram mz hc f. m is the Centre of the Curves ; cf —=mh, 
an Ordinate, let & be its Symbol, mc = bf the Diſtance of the 
Ordinate from the Centre or Conjugate Axe; let » denote it, 
- having either of theſe with the Axes, the other is found by the 
Conicks. _ The molt uſual way 1s, having the Axes and Central 
Diſtance, to find the Ordinate; but for the cafier delineating 
theie Curves, 1s, having the Axes and the Ordinate to find the 
Centural Diſtance, for leſs Lines are required for delineation ; 
the ſame Line -f ſerving tor the other pair of Hyperboles, the 
Rule 1s. 

Sine « :: 4 (55-|-2g) 7, that is to fay, as the conjugate 
Axe 1s to the Tranſverſe, ſo 1s the y/ of the Square of the Semi- 
conjugate Axe, and the Square of the Ordinate to the Central Di- 
ſtance : By which Analogy,]I have calculated the Central Diſtance 7 

x | |" = hf tor ſeveral Ordinates, as they are here ſet down, both for 4. 
0 181 J and 8 a clock, as alſo for 5 and 7a clock, and for the Tropiques ; 
OTH I! of each I will give you two Examples. 


Firſt 


Y WT 


Firlt fay, as s. * 


wy 7, 2134 
© &- 2 13. 469 
t, —s,= 0.5356 
LF =:-4 
IWF, 181 Atl 
Adde gg 16 
55 -F# 197 


to the Art of Dyalling. 


:: $t;-.the ratio 


0.858146 
I.129332 


1.728814 for 4 and 8. 


411 Whoſe Logarithm is 


Whoſe Root extract by dividing by 2 
Add the common Logarithm of :, the ratio 


You have the Logarithm of 2 = 7,525 


Let £=20 
To 5s 181 411 
Adde gg 400 


s5s | gg 531 411 whoſe Logarithm is 

Whole Square Root, extracted by dividing by 2 
Add the common Logarithm of 7, the ratio 

You have the Logarithm of þbf =» = 12 g1 


For 5 and -7, fay, as s * 


3 454 
12 9527 


B. _ 


5 


© 2666 


167 771 
16 


$5T-LL 


:: 7t the ratio. 


183 771 whoſe Logarithm is 


Extract 1ts Square Root by dividing by 2 
Add the common Logarithm of the Ratio 
You have the Logarithm of gr.=x = 3 615 


2-295371 
1.147658 
I.728814 


Ser ray ——— RE} 


0.876498 


2.764438 
1.382244. 
1-728814 


I.I1Io58 


Logarithm 
0.538322 
1.112358 


nr <-” EFAz a. £6 We ERA "5 


1.425964 


2.264274 
Tot Z21 37 
1-425964 
O-5JFo101 
Let 


3 4 A. 
= LP 


COT dk an 


"EEE CE I CC 


A $281 and CTaile £ethod 


Whoſe *quare Roor extracted by dividing by 2 1-297074. 
Add the common Logarichm of t, the Ratto F+425954. 
You have the Logarithm of gr = 2 = 5 285 0.723038 


Hyperboles for 4 and 8a clock, for 5and 7 a clock, and for the 
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two I ropigues. 
I 7 2134 *: 7.3 434... {8 06s 
—- r EY OS: | 3 455 . | Sg  o8F 
© 4+-* 49 "on | 3.494 j- 8-5 
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for 4 and 8 a clock forgsand 7a for the two 


clock _ Tropitq 
How to delineate theſe Curves. 


Let by be perpendicular tothe Meridian ; yb = 10 Inches, the 
length cf the Pin that ſhews the Hours. 

iviake y$ = Tangent 16? 49' = 3 02 Inches for the Vertex of 
the Hyperbole when the Sun riſes at 8 aclock, and y 4 = Tan- 
gent 60? 11' = 17 45, for the Vertex of the oppolite Hyperbole, 
wien the Sun ries at 4 aclock; their difference is the tranſverſe 
AXe = 14 426 Inches, which if you bi-ſect inm, you have their 
Centre, where erect a Perpendicular to the Axe, which is the 

Con- 


fo the Art of Dyalling. 


Conjugate to meaſure the Central Diſtance, us m fi and al 46 
$1012 15 20 25 3036 40 Inches from the Centre draw paralle] 
Lines to the Axe, on cach Side thereof, then take the Numbers 
of the Central Diſtance belonging to each Ordinate, as you find 
them in the Table, in the foregoing Page ; as for o = 4, take 7 

—=#7 $82 Inches, and place them from the conjugate Axe p, up- 
ward and downward for the Points of the Hy perboles, the Or- 
dinate bcing 4 Inches ; fo if the Ordinate g = w take 7 = 8 98 
Inches, and place it both ways from þ, as bf for other Points, 
and fo proceed till you have gone ov er all the Ordinates for 4 
and 8 a clock ; then with a ſteady Hand joyn theſe Points, and 
you have the Curves delircd. 

To deſcribe the Hyperboles for the Sun's riſing at 5 and 7 a 
clock, make on the Axe y7 = Tangent 26? 52/ = 5 06 Inches, 
the Sun's Meridional Altitude, when he 'rifes at 5 a Clock, 
and 75 = Tangent 50 degrees 8 = 11.97 Inchesthe Suns 
Meridial Altitude, when he riſes at 5 a clock, then at 7 and 
s are the Vertexes of the ſaid Curves, and their Diſtance 
69 08 Inches is their tranſverie Axe, which 1f you bi-ſe&t in 7, 
you have their Centre, where crect a Perpendicular to - ac COT, 
as 1g, which 1s the conjugate Axe, and Line to meaſure the cen- 
tral Diltances ; then on the Parallels to the Axe alre ady drawn, 
meaſure the central Diſtances noted in the Table by z, for each 
Ordinate, as if g = 4, then take » = 3 61 inches, which place 
on both Sides of the Axe upward and downward ; { it the Ordi. 
nate g = 10, then = 4 36 Inches, an both Sides of the Axe 
both ways, as Tr, and | o on each © rdinate Fg, place z, 1t's. Cen- 
tral Diſtance, and through thoſe Points draw the Curves dejired. 

To draw the Equator, make on the Axe y6 = Tangent 38? 30' 
= 7.95 Inches, where ira IW a Perpendicular to the Axe, that je 
the Equator. 

Foraſmuch as the Centre 1s not on the Plane, the Tangent of 
51* 30 =-12.57 Inches oives you the Centre upward, al w thc $C- 
cant of $1 30'-=16 06. Inches, "the Dilfance-ot-the-Fanzent 


_—_ 


from the Centre, and the dificrence hetween the Secant and No 31n- 
p, 
gent of 519 3o' = 3 49 Incncs,directs us to araw the firſt Tangent-- 


ſo n many Inches bclow y, and 16 05s Inches below that the "Se- 
cond Tangent, and then mark the Hours by the Tangent, as on 
a Hor1zontal Dyal ; joyn thoſe Marks and you have the Hours, 


- - _ 


If. 


: 
I 
E ND Wk. ve $4] I. ace 4 Sram ot; + ES A ON=ST” "SOR , nd ayers cc enodocery - >. 
L wg Tg Ia ... ——-— "= on x” FA *7 : D + "os : " « BE 
EBT ns COS + _ —_—_ — — . 


» Þ 
w a I nn —— x AR x —_ 
: 2 - Loom _ 
any & 


» a "on _ , : 
OS / 
40 yo —- "3 = Be . 8 
- - - Ot Te LN TE ok Ws. IG ” : 
a4. _ LanE Sig dr rn wh OY OO ——— 


_C 
> 7 of UW La » _ - 
— CE * af - by "3 . - Z A 
- q f —_— c - - 
4 : * as : o > J 
Lg = : - G x 12 p 
” LDPE ae pep 36: 3 ae > —_—_— p- . p >24 _— 8 _—— ; 
"Bw " i” ESI. ER - OR -eY : = ©. Fa PIO *, - LEE SET 
g 5, , _— by 3g F -—_——— #4 Þ.. bs E 
oe . > 4 
4 .- # © * 2 ttt A 
EAI >» _ FER = d . _ — = Som _— hw. - 
wh, > of - a ce x « < % M WT, pe at tht _ _ 4 
- "Fa es ” 4 Men 3 -* A . - _— : -—- - —- — <= F 
q _ — ; + > Saf = 4 p ; 
”. _—_— , 7 — » _ nd — xi w a - y _ ou 
- — rai. ITE. _ — = n ; - 
_W - - ” ; Fr ” 
; : l 
__— e > a 0" SEE LE ” —=S 
apt . + = — : _- -. _ - . _ a —_— 
_ = = - - - = = - : ——— _ _ Pa——s] : 
oy... LT r _ - 5 4 <_ - wo = part —_ - OT, * - 
=" ogy - ——— E rar ny = wc : <: ; - = ' , p —Ax 5 
p - y 29 . mm % i —— *, 4 4 -_ - a —_— » q —__ _- 
: - oe _— CC —  _— rs - —_- IIB 7 wt —_ . « 
- - _—_ a «+ < * 
od o . - ” < a «< _ p X - —_ c 97 - 7 — « 
aA — —_— —_ I» - n__ - "= _ _ —_— <_— — -- _ 
- -_ . _ wr _s —_ . r ——_ ” _—— = n - _ = —— = 
=> ' ' ” —_ n L _— by 4 
ped. > . — ———_ - - _ * =_— - ”"—_— » 
. - _ - * 2>-—- 
- ———— 8 —X ” = one 
— 


5 = y go” hs: oz 
o : 
_ £ AI Ie: 6. 
+ IE REF 
A 
mY & ve" cn +. DR 
_ . _  _ ns * Js M2 = _ _ Lu —_ 
_— — : 


y 8 -Y ay POST SI _ I = »* 66 
=w_”— 87 . A.-- P ot I 2 er 4+. DEFY Mn » - þ «-» Z . +4 2 

ET Et Be a IS et CES TT WEE, So TO EE 0 OY On OP og of PS ot Ro no 
mn » 3. "+, _s _- I ORE : 4, ty . + -&* - oaks. : 5 SF: 1 - BE. D.. » - Pad" 1 WY b - ; \ p 

a 2 LE In. IIb ONS p « *. YL As 445 , oor > 4 < : Mn » 2+ <£ Rr —_- 

6.3 bs *\ p s I ET TTY FI. 7. "85 \- Is .. "4 z pu 
: "+. #2 4 : x - a OR * , A . Jab 2-0 < —— 
- 4 


A New and Eaſe Method 
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s the ſemi-conjugate Axe to be 13 62, and ss it's Square, to be 


If you deſire to draw the Tropiques, make y Y? = Tangent 15 
— 268 Inches, the Sun's Meridianal Altitude when he 1s 1n the 
Tropiques of Vf, and y S = Tangent 62 = 18 80 Inches, the 
Syns Meridional Altitude when he 1s 1n the Ttropigue of S, then 
Vf and S are Vertexes of the pair of Hyperboles, and their Di- 
ſtance 16 12 Inches is the tranſverſe Axe, which if you bi-ſec, 
you have the Centre, through which apply a Perpendicular to the 
Axe, which is the conjugate Axe to meaſure the central Diſtance 
of each Ordinate, as you will nd by the Table, page 15. Bv 
the foregoing Method, you will fi1d « the Semi-tranſverſe Axe 
to be 8 06 Inches,p the ſame {emi-focal Diſtance to be 15 82 Inches, 


135 454+ 


CAB V4; 
How to find the Inclination of the Plane. 


'Akea Quadrant, and joyn it to the Side of a Square,” and 
place the other Side of your Square to your Plane ; if the 
Plummet fall parallel to the Side of the Square, then the lower 
Side of the Square ſtands level,by which draw an Horizontal Line, 
on which erect a Perpendicular, and apply your Square to that 
Perpendicular, and if the Plummet falls parallel to the Side of the 
Square, then that 1s alſo a Jevel Line, and your Plane ſtands Ho- 
r1zontally : If the Plummet falls not parailel to the Side of the 
Square, then turn your Square until it does, then draw an hori- 
Zontal Line, on which erect a Perpendicular, to witch apply your 
Square, and obſerve what Angle your Plummer makes on the 
Quadrant, with the Side of the Square, that 15 the Angle of the 
inclination of the Plane. 


How to find the Declination of a Wall by an Analemma. 


To deſcribe an Analemma for Lat. 51% 30 
If you have a Line of Chords and <ines for one Radius, you 
may uſe that inſtead of the Table;the longer the Radius the better. 
Deſcribe 


Deſcribe the Arch of a Circle pz 1 m for the Meridian i 
whoſe Radins or Sem1-diameter 1s equal to 10 Inches, or ro half 
Inches ; through the Centre draw the Diameter c a m2 for the Ho- 
rizon, 4 15 the Centre of the Arch, at 4 ere& the Perpendicular 
az, Which is the prime Vertical, or Line of Eaſt and Weſt, and 
at z, where lt cuts the Meridian, 1s the Zenith, being the Point 
over our Heads ; take the Chord of the Co-elevation of the Pole 
38? 3o' = 659, and place it on the Arch from 2 to e, and from 
z to p, joyn 4e that 1s the Equator, and 4p, that is the Axe or 
Hour of 6; from e place the Chord of the Sun's greateſt Declina- 
tion 23? 3o' = 467 on the Arch both ways, to > and Y, joyn 
a S, that 1s the north part of the Ecliptick, and a Y, which is 
the South part. 

Fly the 34. in the Morning, I find by a Qnadrant the Sun's 
Altitude to be 402, what 1s his Azimuth, and what is it a Clock ? 
'The Sun 1s then 702? from =, theretore take the Sine of 70? = 945 
and put it on the Ecliptick from 2 to 0, through o draw a Parallel 
to ae the Equator, as cbol, that is the Sun's Parallel, or way 
for that day ; for he riſes at c, it is 6 aclock when he is at b, ke 
is Faſt when he 1s at z, when at ” he 1s 40% high, when at 1 it 15 
non ; then he .retnrns 1n the ſame Parallel, for when ke is at f. 
he 1s 40? high 1n the Afternoon, when at z he is in the W eit, 
when at b, 1t1s 6 a clock, when at c he ſets. Then take the Sine 
of 40? = 643, with that Diltance draw a Parallel to the horizon- 
tal Line a 2 as f 4, and where thoſe two Lines interſe&, as at 7, 
is the place of the Sun for that time of the Day, and fr ſhews 
the Azimuth from the Eaſt, and b7 the Honr from 6. 

Obſerve, Hereare 3 ſorts of Lines: Firit the Arch of a Circle x 
Secondly, Streight Lines paiting through the Centre; Thirdly, 


'®; 


_ 


1 


ſtreight Lines, which do not co through the Centre. The Arch of 
the Circle 1s to be meaſured with a Line of Chords. Secondly, 
The ſtreight Lines which paſs through the Centre, which on the 
Globe are great Circles bi-{ecting the Globe, are to be meaſured 
by a Line of Sines, according to tne Radius of the Circle, as is 
the Sun's Declination, and its Altitude ; therefore if at any time 
of the Day, you deiire to know 1£s Altitude, take its nearcſt Di- 
ſtance to the Horizontal Line 4 m, and meaſure it on the Line of 
Sines, and you have your delire. Thardly, The ſtreight Lines 
wiuch go not through the Centre, and are tae lefler Lines on the 
1 (31906 
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Globe, having no Line of Sines for thoſe ſhort Diameters, - you 
mult draw a Semi-diameter io their Interſection with the Meridi- 
an, as the prickt Lines a!, ad, If you ſezk the Sun's Azimuth, 
make 7 s parallel to fa; then as = 278, the Sine of 15 40, the 
Sun's Azimuth from the Eaſt, for 4f, da :: rd, 5d ;; fr,an 
being like Triangles. 
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It you ſeek the Hour, make 79 Parallel to ab, then aq — 
$06 1s the Sine of 37®, which converted into Time, accounting 
15* toan Hour, 1s 2 Hours 28 Minutes from 6 = $ Hours, 28 
Minutes for 61, al :: br, aq:: rl, 14. If you had rather work 
by Numbers, ſay, | 
As fd the Co-line of 40® = 7660 is to ad 10000, 

Tous fr 208 to as 271 the Sine of 169, the Sun's Azimuth. 
And as 6 / 9272,the Co-line of the Sun's Declination is to 41 10000, 

lo is br 564 to aq 608, the Sine of 379. 

A ANIIE: : The 
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. to the Art of Dyalling. 


The Arch of the Circle is the Meridian. 
c am The Horizon, 2 The Zenith. 


z 4 The Prime Vertical, or Line of Eaſt and Weſt, 


2 þ The Axe of the World, or Hour of 6. 
z p The Co-eleyation of the Pole = 38® zo. 
c a p =Elevation of the Pole = 51230. 

ea The Equator, 4 Arles or Libra. 

& Cancer North TEE Oe 
# Cora $3 Sonth {part of the Ecliptick, 
e wande &=232 30o/,the Sun's greateſt Declin. 
o the Suw's place in the Ecliptick = 70* from =. 
a b the Sine of the Sun's Declination. 
Ie The Arch of the Sun's Declination = 229. 
bo The Sine of the Sun's Right Aſcention 

4c The Sine of the Sun's amplitude. 

bc The Sine of the Sun's aſcenſional Difference. 
1 The Sun's Altitude at Noon. 

a 1; The Sine of the Sun's Altitude in the Eaſt. 

b u The Sine of the Time from 6, in the Eaſt. 
@ © The Sine of tne Sun's Altitudeat 6 a clock. 
bo The Sine of the Sun's Azimuth at 6 a clock. 
# 4 AParailel of the Sun'sAltitude,being 402 high 
7 The Place of the Sun for that time. 

{- The Sine of the Sun's Azimuth from the Eaſt. 


vb 7 The Sine of the Time from 6. 
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At the {ame Time that you take the Suns Altitude by the Qua-. 
drant, Put a Quadrant or Semicircle to the Wall Horizontally ; 
take a Lineand Plummet, which move by the Edge. of the Qua- 
drant, till the ſhade of the Line-paſſes through the Centre of the 
Quadrant, then the Degree in the Limb ſhews what Angle the 
Sun at that inſtant makes with the Wall : if you have no Inſtru- 
ment, apply a ſtreignt Bard to the Wall, _ mark at. two ſe- 
veral places the ſnade of tre Line, then joyn thoſe Places,and mea- 
{ſure the Angle by a Line of Chords, that it makes with the Side 
of the Board, which 1s the Angle the Sun makes with the Wall. 
Then on Paper Geſcribe a Semicircle abc d, which croſs aft 
Right Angles with ab, wluch ſuppoſe to be the Inſtrument apply- 
ed to the Wall July 3, the Azimuth being found to be 16? paſt. 
the Eaſt, and at che fame time the prickt Line af to be the Shade. 
-of the Sun, then with a Line of Chords, on. the Circle place fg 
— jb backward towards. c,. for that he is-paſt the Eaſt; joyn ag 
tnat 1s the Eaſt, and the Angle g ac 1s the Declination of the 
Plane ; or put f e the Complement of the Sun's Azimuth = 74. 
forward towards 4; joyn ae, that is the Meridian, and the 
_ bacls equal. to the Angle & 4 e, the Declination re- 
quired. 
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Another eafie Method from Tables, to deſcribe the Curves on 
each Honr : ſhewing the time of Suns Riſing, and Length 
of the Day, on any Upright Dyat : The following 1 ables 
are made for Lot. 51. deg. 32min. but by the ſame Rules 
may be. accomodated to any Latitude. 


- A Table of the Suns Azimuth for each! 
Hour ; Latitude 5 1 deg. 30. mm. when] 
he Riſes at 4, 5,6, 7 and 8 a Clock; 
with their Tangents, the Rad. 1000. 


—_ 


{Hours of a | 
4 7-5 | 2 8 


ed SG LE ERLronananay anecdote 


wv" 


© Riſing, 
{ Hours 
t-72--Þ*.:. oo: 0769 019%; 076? ] 


2.310| 1.663|1,277|1.037] 983. 
8 4 | 80.35] 73.0665.41159-03[53-35| 
6 029] 3-291/2.213Þ1-66711-355{ 


7 5 | 92.42] 85-3670.05]7 1.06 
[1 2.996 4 7602-920 


— 


6 6 [103-54| 97.18; 90 |. 
= $----9 114.57110.854 
| 4 $S 112 2} 
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iThe Suns Declinat. and Meridional Altit. for LH, 


tude 51 3&' at 12 a Clock, when he Riſes at- 
Hours of © Ril.|. F ASS GAL | 6. Tas” | = 
Suns Declinat. [21* 41/\11* 38l00% 001112 38/121% 41 ll 
Suns Altit.at I 25] GO.I 1 FO.08 38.30 26.52 16.49 44 
FO6 | 302 | 38 
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If it be an Ere& Dire& Sonth-Dyal, and the Pin giving the 
Shadow ten Inches in leagth for the hour of 12, you muſt take 
the Tangent of the Suns Meridional Altitude, as in the ſecond 
Table, and place 1t on the Meridional-ine downward from the 
Subſtile Point, as the Tangent of 60 deg. 11 min. = 17,44 when 
the Sun riſes at Four of the Clock. And fo for the other Hours 

_ of Sun riling. 

Then for the other Hours of the Day, you mult conceive all the 
Azimuths on upright Planes, to be parallel to the Meridian ; and 
where the Hour and the Azimuth of that Hour interſects, to be 
one Point of the Curve deſired ; as for 11 and 1a Clock, the Sun 
riſing at 4, the Suns Azimuth is 26 acg. 58 947. whoſe Tang. 50g 

being placed on the Horizontal-line from the Meridian, as 6 d, 
41d then a Parallel-line drawn to the Meridian, as 4e; at cwhere 
It cuts the Hours of 11, is one Point of the Hyperbole. Then 
thorough their Points thus found a Curve deing drawn, it is the 
 Hyperbole deſired. 

Or if yon had rather, you may find the diſtance of each Curve 
on each Hour from the Centre by tne enſuing Table, being made 
from the former Tables, by the Doctrin of plain Triangles; for 
in the Triangle ac e there 1s given tae Angle at the Centre, it 
being the Augle that exch Hour makes at the Centre of the Dyal 
with the Meridian on an Erect Direct South Plane found by Calcu- 
lation, it being the eighth Row 1n this Table : One leg of the 
Triangle ec c being the natural Tangent for the Suns Azimuth 
for that Hour, as in the firſt Table, and the Hypotinenuſe is 
ſought after ; which is the diſtznce of the Hyparbole on that 
Hour from the Centre. 

If there be no Centre on the Plane, you may meaſure the di- 
Rance on this Hour from the Horrzontal-lne (for which end it 
was here inferted) by taking the difference between the numbers 
of the Hour and the Horizontal-line, as for the Curve of the Suns 
riling at 8 a Clock for the Hour of 12. 1559 —1257=302, the 
diltance on the Meridian between the Hortzontal-line and the 
Curve; 1. 1579-—1277-=299 for 1 a Clock ; and1598—1336 
—=262for2; and 1672 — 1481 = 191 forz. And 1o for the 
other Hours of SUil-TLing, 
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A New and Eaſie Method 


A 1able ihewing Le Diſtance or each Hy} y perbole on each Hour| 


—_— 4 _— _ 


from the Centre. 


b- Hour || FREE BETTY | 4-5 "Ry PF Fes 


L277 | 1330 1481 | i850 | 3181. 


JH ortzoutail-lnc,} 1257 
Radius 1000. 


| 


8 | 1559 | 1576 | 1598 | 1672 | 1850 | 
7 | 1763 ' 1781 | 1825 | 1963. > | 2276 | 3181 
6: 2052 i 2083 I 2i81 | 2418 | 302, | 5189. 
5 | 2454 | 2508 | 2689 | 3145 | 4492 i14150 
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4 | 30or | 3099 | 3437 | 4373 | 8231 | 


© Riſes at 
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Vhe Angle each Hour | b; Ee 
makes at the Centre with og? 29119” 46 [3 Ez 5447" WevE. 42; 
[the Meridian ] WS OE Ld 
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From b the Subſtile Point let fall a Plumb Line to the Horizon, 
as b c, which is the Meridian 3 which croſs at Right- -Angles. 
4S8 7 65; for an Horizontal-line let 6 o be the Pin = 10 Inches. 
Then rake the Tangent of 51 deg. Zo min. = 1257, the Elevation 
of the Pole, and place it on the "Meridian- line, and frem © to 4; 
then a 1s the Centre of the Dyal. Then draw the Honr-lines, ” 
is before directed, or by a Line of Cre, according to the 
Angles 1n the cighth Row. Then from the Centre on each Hour 
place the number in the Table ; as if you were to {ind the Points 
of the Hyperbole, ſhewing the Sun-riling for 8 a Clock on the 
Meridian place, 1559 from the Centre, and 1576 on the Hours 
ct 11 and 1 : 1598 on roand 2, 1672 on 9 and 3; 1850 on 
3 and 4: If through their Points you draw a Curve, it is the 


Hy derbels deiired. 


If it be an Upright Declining Plane, as ſuppoſe 45 deg. of Declination. 


'Throngnh the Subſtile Point let fall a Plumb- line, and draw an 
Horizontal- line, and by the foregoing method deſcribe the 
Hour-lines ; and by tne firſt Table having the Azimuth of the 


Sun for each Hour, when he riſes at 4, 52 6, 74nd 8a Clock, 


ind what Angle the Shade of the Sun GOES make at the Node 
or 


to the Art of Dypalling. bg 
or Vertix of the Pin with the Pin, by adding and {ubſtracting the 

Suns Azimuth to and from the Planes Declination ; as for 11 and 1, 

when the Sun riſes at 4 a Clock, irs Azimuth is 26 deg. 58 min. 
Then 45 deg. -|- 26 deg. 58 min. = 71 deg. 58 min, for 1, whoſe 
— 18 2 LI MN 


Tangents are. 325. And by this method the enſuing Table is 
made, 307. 
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A 1lable of the Angies Lnac tne Shade off 
the Sun does make each Hour at the 
Vertex of the Pin, with the Pin 
when the Sun Riſes at 4, 5,6, 7 and 8 || 
a Clock, with their Tangent, ex-| 1-42 
cept 12, the Radius being 1000. 
Hours |: 4-1-5. 1-86-47 4-6 


10 2100.00| 87.17|81.35|76 4917323 *\g 
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21.074 16.758 
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5 7147-49] 40.46'33.09 
| 11.097 862 | 653 | 


11 1171.58] 67 23163.53 61.18 29.27 " 

——— 13-970] 2:40012.040[1-22611.694. * 

I 1118.02] 21.37[25.07|78.42|30.33 "iq 

__|325|_ 415 | 499 | 547 | 590 il 
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Inen by placing their Tangents on tie Horizontal-line fron 
12 Subltile, and drawing Paraillcl-linzs to the Meridian at their 
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A NeW and Ealie Pethod, &c. 


interſeation, with their reſpettive Hours, are found the Points of 
the defired Hyperbole. 

And to find the diſtance of the Sun on the Meridian from the 
Horizontal-line ; {ay, as the Radius 1s (Fig. VIII.) to m e, the 
Secant of the Angle dem the Planes Dectioation, ſo is the Tat. 
gent of the Suns Mer ooont Altitude, when he riſes at 4, 5, 6, 7, 
and 3 a Clock. To find the diſtance of the Curves on the Merj- 
dian from the Hor 1zontal-line. 


Radins 1 0.0000CO 
Secant, "uns Declination 45 deg. 14142. 4.150525 
Tangent, Suns. Meridional Altitude 60 as... 10.24.1776 
SU neDiſance on the Meridian 24680 4342301 


Afcer the ſame Analogy, you will find the diſtance of the my 
Pet rbole on the Meridian to be 1693 for 5, and 1125 for 6, and. 
236 for 7, and 427 for 8 a Clock. 
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Age 3. Line 15 for lower read Four, p.g.l.7. tor the firftadr.ab, p.g.l. 1. 
} to 10co add o, 6 Tang. for 1054 I. 1051, 33 Tang. tor 6194 r.6494, 
54 Sine for 5472r.5592, 44 Tan.torg&5 17 9557, 75 Secant fOr 41735 r.41535s 
2, 6.1.5 .for 21.5, P-7.in the Fig.continue the Lines v bande to the Line } d, 
2nd there put þ b, 1.19.for 13.15.1.18.45, P-15. 12 the Table 1.22IUr 35.15.1435» 
4c, p.16.Table 1.34. for 39.45.1. 39-41, 1.35 for 40.40.1.40.46, 1.46.for 29.44.7. 
29.21, after 58 Decin.for 19 6r.19 16, andagainft 60 Declin.for 17 56 r.18 8, 
Þ. 17.1.1. place T before Subſtiles Diſt, and l. 2. S before Stiles Heighth, p.19.1.9. 
for 291 1.229, 1.1o.for Tan.32,05 r.Tan.2,05, fore2r.c2,1.21. fore 11.c1,1.25s 
for conneft r.and, p 27.1.7.for 18.1.r.18.8, P.31l-7. for 417 r.403, 1.20 tor 200 Tr, 
£09; P.3+4.1.6 for 220.r.226, 1.11.for 41.16.r.47.16, p.36.1.26.for 7 9 r.ng,p.4 1. 
Seft.r and 3 for this mark < pur an L, as in Fig.iand3, p-42.1.4.for Declination 
r.Decliner,lo 1.92, and P.431.1, P- 42+ 1.7, for < I10o=jsr. Lg=f s, 1.8.for f þ 
r. f.u, l25 formgmr.mgn, 1.26.dele mg 7, 1.28, after (a) ſhould follow the laſt 
icven Lines of that Chapter, p.43.-l.1.forde rd, 1. 2.for 10uTr.ton, 1.4 for an 
r.07, P.49.l.10 for 133047 I.133 0 47, l.19,this * ſhould be a large X, to denote 
" the Semi-tranſverſe Axe, and ſo at other places, p.52.1.27.for Sine r.s, P.53.1.% 
the Logar of the Ratio here and at other places ſhould have a daſh to the Caratt, . 


tomake it a Negat. p.5841. 4. fOr 15. 40. I. 16. 29, 
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ADVERTISEMENT 


\ TAvigation, and all the Parts of the Mathematicks, are tavghr 
| in Engliſh and French by Mr. Reeve Williams, at the Virgina 
Coffee- Houſe in St. Michaet's- Alley, in Corahil, near the Royal Ex- 
enanze, L00G07, 


AADXFEFRTFFS3E NENT: 


A LL forts cf Globes, Spheres, Maps, Sea-Plats, Mathema- 

tical Protections, Books and Inſtruments, made and ſold 

by Philip Lea, Globe-Maker, at the Aclas ard Hercules in Cheap- 
ade, next the corner of Friday-ſtreet. 

Removed from' the Poultry. 


=_ 


fre 1s 
hs ISM . 


x 4 OT 7] Pea vhs 
PE LS 2, DG ts 
WO EO LOR als IP ES 
; EE Se 


"MV 
Bok, 
II 7. 
\ 0 
LY 
> 7 
z 
iy 
. i 
1 
bg 
ing 
®'s 
+48 
4 oy 
Fg” 
"23 
KA: 
Io 
DW - 
M 
ÞY 
4 
- 
=, 
» 
We) 
OY 
Fog: ) 


F An ARITHMETICAL 
OF RE 


COMBINATIONS, JCPERMUTATIONS, 
RR and 


ELECTIONS, COMPOSITION, 


OF 


OUANTITIES. 


ILLUSTRATED, 


Je 
IE 


q 


" © Ear us P 
NO OY. ov) OL SPIE le 
EY a, Ao Be 


- 


3y ſeveral Examples, with a New Speculation of the 
Differences of the Powers 


OF 


—_— 


—_ 
Lt. Mt he 


\ | 
By 7 HO. STRODE, Eiq; of Maperton in the 
_ County of Somerſert. 


—PON; 
Prmted, for Fehz Taylor at the Ship in St. Pants. 
Churcl-yard, 1693. 
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Courteons Reader, 


Bove a Near ſmce, on the Entreaty of 4 OP! 
very Worthy and Publick-Spirited Friend, 4 wi 
gave my Conſent that theſe Papers ſhould pM 
» come to light ; afterward underſtanding that ſome 
| French Authors had writ on this Subjeft, T put a 
| ſtop to the Preſs ; at length havmg obtained thoſe 

Authors, and peruſed what they have ſaid concerning 

the Argument herein handled , was willmg ( to pre- 
| vent any abuſes ) that the Preſs ſhould proceed. T 
| have ſince out of thoſe Books added two things ; the 
| firſt out of Malbranch, alias the Author of the of 
Elemens des Mathematiques ; namely, t give 8 
| the number of the ſeveral Compoſitions that may be "gl 
F made of 24 Letters, and that on a double account, 
” one to corre&t a Miſtake of the Printer of that 'Trea- 
| tiſe ; for 1 do ſuppoſe it to be no other, ( for that the 
Number of Figures, as alſo the firſt and the laſt are 


2 true; } 


to the Reader, 
true, ) the other, to ſhew the manner of Oper ation, 
which be hath omitted. The Second is a Demonſtra- 
tion ont of Monſieur Paſcal's 'Tra&t du T riangle 
Arithmetique of what Thad before by chance found 
out. Which you will frid 1 in Page 33, but miſpla- 
zed , for it ſhould follow Page 42. 

In one place I have made uſe of Logarichms 
to calculate Numbers conft ſting of 30 Figures which 
poſſebly may ſeem ſtrange to ſome, "for chat the Ta: 
ble of Logarichms wh 1 uſed, deth not promiſe 
fo give Logarichms beyond 5 places : To which 
_ [ rangS that exattly t they cannot work be- 
yond 5 places, but if they Tonſil of 3O or more | 
Figures , the e fi ft 4 Figures with the Number of 
Places will be true (.4s may eaſily be demonſtrated ) 
hich 1s enough to make 200d my Propoſition. 


Farewel. 
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Of the Several Combinations, Eleftions, Variations 


and Compoſitions of Quantities. 


Y Combination of Quantities, I mean how many 


ties out of any given Number of Quantities, with- 
out having any reſpett to their places; as how ot- 
ten out of the Engliſh Alphabet, Imay take 2, 3,or more Let- 
ters; as two Letters, ab, ac, cd, fp, fn, &c. or three 
Letters, abc, cfl, bmg, hnp, cde. 

2. By EleCtion of Quantities, I mean (as Frances Schoten in 
his Afſcellanies ) any Number of Quantities being given, hovw 
many ſeveral ways I may take them without having reſped to 
their places; as, a, &, ©, may be taken ſeven ways; as, a, b, c, 
ab, ac, bc, andabc. 

3. By Variations, permutation or changes of the Places of 


Cuantities, I mean, how many ſeveral ways any given Num-_ 


ber of Quantities may be changed, as in relation to their 
places: as, a, b, may be changed into 6b, az a, b,c, fix ways ; 
abc, acb, bac, bca, cab,and cba. 

4. By Compoſition of Quantities, which is the moſt compo- 
ſed way, I mean, when in any Number of given Quantities, as 
in Letters or Figures, one Row is joyged with another Row of 
the ſame, or with 2, 3 or more other Rows; as is to be ſeen 
in the Lablesof Natural Numbers, the placing of Letters, and 
the chances of the Dice, This differs from Combination and 

B Ele&ioa 
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{everal ways I may take any Number of Quanti- 


iS * 
D. Ez 
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"ASP 
Ele&ion of Quantities ; for that there one Quantity is taker; 
but once, here, as oiten as there are Quantities to be taken. 


Of the Combination of Quantities, 


5. As out of TenLetters, a,b, c, 4, e,f, o,h,:,k, or the 
Ten Figures, how many Combinations are there of 1wo Let- 
ters or Figures * 

There is with 4, nine Combinations, viz. ab, ac, ad, ae, aff, 
a7, ah, ai, and ak; with b, 8 Combinations, be!ides ba, already 
accounted, viz. bc, bd, be, bf, be, bh, bi, bk; with c, 7 Combina- 
tions , beſides ac, bc; with 4, 6 Combinations,” with e,Fs 
with f,45 with, 35 with h, 2 5 with z, 7. 

Their Number by the Table of Figurate Numbers, may eaſl- 
iy be found thus; 

Take the number of Letters uſed in the Combination, leſſened 
by an Unit, out of the Number given, and with that enter the 
{econd Row of the Table of Figurate Numbers, and even with 
it in the Row belonging to the Combination, is the Number 
ſought; as 10—1==9; with it enter the Table, and in the 
third Row (there being but 2 Letters in the Combination ) 1s 
45, and ſo many ſeveral Combinations there are of 2 Letters 
N10, 

6. How many ſeveral Combinations are there of : Letters 
in ten? You muſt take 2 out of ( the Number given ) len, 
and with the remainder $8, enter the ſecond Row of the lable, 
and the Num.in the 4th. Row even with it,is :20 ; and ſo many 
{evera] Combinations there are of : Letters in : o. Lhe rea. 
fon why 2 is taken from the given Number, is, tor that the two 
firſt Letters do not vary the acceptation ; as, abe, abd,abe, 
abf, abg, abh, abi,andabk, So that here are but eight 
leyeral Combinations with 4 b6. On the ſame account, if there 
be taken four Letters, there will be ſeven diverſe Combina- 
tons with a þ c ; it fiye Letters, ſix Combinations with a, b, c, d. 

,, How 


(3) 
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7, How many leveral Combinations are there of four Quan- 

tities 10 len? 10-—3=7,; with which enter the fecond 

Row of the Lable, and even with it in the fifth Row, is 210 ; 

and lo many leyeral Combinations there are of Four Quantitics 

in len; andproceeding after the fame method, you will find 


there are 210 Combinations of fix Quantities, 120 of lever { al 
= S..* © "= Be - S_ LED Ne Wt 
Quantities, 252 Combinations of five Quantities, 45 of eight "lt 
(Quantities , 10 of nine Quantities, 1 of ten in ten Quanti bu 
ries. *Y 


8, If it be required to find how many ſeveral Combinati- 
ons there are of two Letters in the Engliſh Alphabet ; I fay, 
24—1==23; With which I enterthe {econd Row of the Table, 
and even with it in the third Row ſtands 276, and fo many 
Combinations there are of 2 Letters in the Alphabet. If more 
Combinations are ſought after, as of 2, 4, 5, 6, or 7 Letters; 
then 24—2=22; even with it in the fourth Row ſtands 2024, 
the number of Combinations of 3 Letters in the Alphabet; 
over againſt 21 in the filth Row, you will find 10626, the 

number. of Combinations of 4 Letters; after the ſame manner. 
you will find 42504 Combinations of five Letters; 134596 
of 6 Letters; 346104, of 7 Letters; 735461 of 8 Letters 
in the Alphabet. & 

9. But in caſe of Combinations, where there is no figurato 
Table, or the number of Quantities do exceed the Tale, then 
thus. 

\ Firft, Place the number of Quantities given, then Cecreale if 
that number by an Unite, as often as is the number of Quantitics 48 
in the Combination, which place following one the other, with bf 
the Sign of Multiplication, *x, between them as tne Dividend, #8 
and then place an Unite with the like number of Figures increa- pb 
img by an Unite, with the Sign of Multiplication «, between 
them as a Diviſor. 

'Then ( inſtead of multiplying thoſe Numbers according to 
their Signs fora Dividend and a Diviſor, as T acquet teaches ) 
prepaxe the 1erms, by dividing the Diviior and Dividend by 

B 2 Eati 
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each ſeveral number in the Diviſor, then the Diviſor will be 
brought to an Unite; then multiply the remainder of your 
Dividend, and you have your deſire; asin the Example given 
Set, 5,6,7. Where it is delired to know how many Combi- 
nations there are of 2,3, 4, 5, 6, 7, *, 9, and 10 Quantities in 
Ten. 
2x1\ 10x9 (45 
I 3 
Place ro and 9 as the DividenJ, 1 and2 as the Diviſor , 
with the Sign of Muſtiplication x between them; then divide 
2 in the Diviſor, and 10 in the Dividend by 2, the quotients 
are 1 and 5 5 which nultiplied in 9, the Product 4 5 1s the num- 
ber of Combinations of 2 quantities in 10. 
If you would know how many Combinations there are of 
three Quantities in ten, add $8 to the Dividend, and 3 to the 
Diviſor, with the Sign of Multiplication * ; thus, 


JXZX1 ; pa ( 5x3x8=120. & 
1X1 5 X3 


Afterwards prepare the Terms by dividing 9 inthe Dividend, 
and ; in the Pryor, by 2, then your Quotient 1s 5 x3x8=1 » ©, 
the number of Combinations of three Quantities in ten, If 
you deſire to know the number of Combinations of four Quan- 
rities in ten, then add 7 to the Dividend, and 1 to the Divilor, 

&XFRIKXIY LOXYROK7(FRJnl2s7=210 

I «151 F $JA2 
anddivide 4 in the Diviſor, and 8 in the Dividend, by 4, the 
Quotes are i and 2 : then 5*,*2*7=2 10 the Combinations of 
four Quantities in ten. 

If more Combinations are ſought, proceedas before; 


CELLS TAI IEEEEE EET @OG CL PLELYDILILEF ECT 
I4IO]v1ojn1x15k1 # 5 83532 


ED 
The F actors of the £ votes, ; The © untes, Letters 


> Be", 4) 2-1 

Fx3u8 120 31 

PD OE, 210 4| 
-Z*287x6 FEIRD Bu of 5 | in Ten. 
ZX23%7 85 "2 S190 0 
SAINTS IT20 7] 
SSN: 45 

CRY T0 94 


The Demonſtration hereof I defer to the laſt Sheet. 170 
Foy the finding ſeveral Combinations in FE Engliſh Me 
— thus, 


Dividend, K 22 2N2 ha KL GXEXTOXI Qu 7. | pl 
Diy {or 4 CRT BRO X5 q "LELIPSIG | | | Al 

Mint 

The Fattors fb che L uotient. The Quot, Letters. Fl 
| Ke: 

CL10%:3 276 2 j 

42 3ZE22 2024 --3 n 


106265 4qin the 


< 2332282184 __ 7 42504 « 5 Alpha- 
HAOER 19” 1 174596-. 6 ber. 


2382 2%21T 


238228: n14v16 | 346104 7 
(23u11in1g9%gni7 1 735471 BS 
Where there are ſeveral Combinations ſought, it is beſt not 
to multiply the Factors that are in the Quotient together , un- 


til they are all found; tor there arc FOI Factors , which are {6b 
COMPMOoNn T9 moſt of the Quotients ; : e here » 3*22'=$5 O06 1s =R 
common to the 5th mice Quotient. Ri 
10. It is cefired to know how many ſeveral Lifts there are 5:4 
of 2, 2, 4, 5, 6, 7, $, © 1 0, 11, and 12 Cards in a Pack. | Wt 
For as rauch as 2 , the number of Cards in a Pack, do ex- 90 
ceed my Table of Figurate Num. it may be refolved this way, H 
[2911 ex0nge357463gx4n3rldl ); 2X51%5 0n49n48 47 
Ti | 46n45544*43 #42541. 
\ 


T6 


(6) 


The Faitors of the Quotient, The. Quotients, The ſooird Lifts 


2, 20x50: 1326 2 
3, 20x 1 7X5O 22100 3 
4, 20x17x25x49 270725 + 
S, [3 x17x5x49x49 2598960 5 
6, 1ZX17x5X49%BX47 20358520 6 
7, L3X17x5XTxX0X47x46 133784560 of #7 
8,13x17 bet ey Choy v/v, 732439159 

9, 13X17X5X7X47x40x5 x44 3079075400 
I, 13% 17xSX7x47 x46x22x43 1592002342209 Io 
L 1, 13XL7K5x7647x4x2x43x42 60403728840 In 
L2, 13ZXL[7xXJX7X47x40x43x7x4l 200379406070 12 


Here 13*17=221 is common to every Luotrert. 


For if you multiply it in 6, you have the firſt Quotient 1 726, 
:t 1n 100, the ſecond, 22100, 
Again, 13x17*5*7*47 is common to the ſeyen laſt Quoti- 
ents. 
So thatif 1000 men ſhall conſtantly deal 12 Cards for 1 2 
hours each day, excepting Sundays, they cannot deal all the ſeye- 
ral Games that are on 12 Cards in a Pack, in 54 Yeats, ac- 
countins that each man may deal a thouſand Games in an 
hour. 
11. How many leveral Stocks may there be at Gleek ? 
Foralmmuch as Gleek 1s Hayes but with 44 Cards, and there 
are 7 Cards in the Stock, beſides the Card turned up T; rump, 
wemut enquite how 0 many Combinations there are of 7 in 44. 
JEGRTRARTEINI J4 4A GURGIE T3 HE 448L3RA LH 
13 13430, 
=:$4320568, rhe Combinations of 7 Quantities in 44, which 
roultiplied in 37 for that each Stock may have cither of the 
Kerma lining, "Cards, which are 37, turned up Tramp , produces 
1417961016, the number of the Several Stocks "that may be 
at Geek. 
An old Captain having ſpent moſtpart of his Time and 
inthe Wars, at the end thereof, defired of the King 
100 he iexryed, as 4 reccmpence of his Service, a Farthing 


for 
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for cach {eyeral File, containing ſix Souldiers, that he could 
make in his Company, which conſiſted of 1 co Souldicrs : The 
King conſidering his Requeſt, and the greatnels of his Detert, 
Sranted it, How much did it come to? Arfiv. 1241721. 5 5, 
_ & 1X. 
GCxFRAKZELKI)TOORggEgBrg Hl 64g) I = l ART SLOut 
Or, TOOK] SHAQNg7*4uTg9=1197052400, the number of 
Files or ſeveral Combinations of 6 in 3 00 Quantitics, which 
being divided by 96c, the Farthings in a Pound ; the Quotien: 


1512472342 F« 


L 3. Semprorrmus bought of Cazzz 5 o Sheep, to be drawn forta 
of 100, and being ſomewhat tedious in chooſing of them Cz, 
ſaid to Sempron, give me one Barley-Corn for each leyeral 
parcel of 5» Sheep that may be drawn forth of this 100, and 
you ſhall have the whole 100. 1 will, anſwered Sempron ;, 
and gave him 5 /, in Earneſt: How much doth the value oi 

_ theSheep come to ? | 
Anſw. That if the Terreſtrial Globe ſhould be covered with 
Guneys ten foot thick, there would not be enough to pay for 
the Sheep: Neither if the. Terreſtrial Globe ſhould be conver- 
ted to Barley, woulc there be Barley enough to {atisfie tor the 
Sheep. Which I thus demonſtrate, 

Proceeding according to the foregoing Rules, you will finc 
the Factors in the Quotients to be, | 
Q7®1g9%9Z*(ZnSgrnd7n1 7x82 xgx7gK1IH73X7IXOTEGINEG 
«53x8; whichif you work with Logarithms, (which will be 
exact enough ) will amount unto 10088 with 25 Cyphers, 
whoſe Logar. is, 29, 203862 for the Barley-Corns to be 
paid for the Sheep, I have exactly weighed an Ounce Aver-du- 
po:s of Barley, and it contained 681 Grains; and therefore 
one Pound contains : 0896 Grains, and a Buſhel 5.44800 Gr. 
For I found that a Buſhel of the ſame. Barley containing eight 
Gallons, diG weigh 50 1, aver-dy-pezs, whole Logar, 5,736236 
being. 
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Multiplied in the Ounces that are 


(8) 
being dedudted from 29. 004862, remains 23,2674.26 , Whoſe 


Number is 1851, with 20 Cyphers, for the Buſhels of Barley 
to be paid for the Sheep. 


Which accounting at 2 s. the Buſhel, comes to 1 85 1, with 


19 Cyphers, for the worth of the Barley in Pounds, 


The Circuit of the Earth, by the moſt common account, is, 


21600 Miles, its Logarithm, 432334452. 
Which {quared, is, 466560000 8,6638908. 
lo itadd 1,502 850. 
Then you will have 143411000, B,r171758. 


Ihe Superficies of the Earth in {quare Miles. 
Every Mile is in length 5280 Feet, Logar. 93,722634 


| Which ſquared, is 27878400  7,445264. 
Which adued to the Log. of the ſquare Miles, 8,171758 
renders 414021 , with ten Cyphers I 5,617022 


Equal to the Number of {quare Feet, on the Surface of the 
Globe. 
The Cubical inches in a Cubick Foot, 1728. Log. 3,237544 
9491735. ©, 996396 
in a Cubical Inch of Gold, (Ma- —_ 
thematical Compendium, p.\7.) OO _ 44233940 
You have the Log. of the Ounces contained in a Cubical Foot 
of Gold;which divided by the Ounces in a I. 1 2.is 1,07g181 


TAO [ay T Fo Pounds in : A 16k 3050079 
Which multiplied by the . 40,918, 1,611913 
value of i th. Troy of Gold, ——_— 


You have the value of a Cubick Foot 58435, 1. 4,766672 
of Gold. 


Which multiplied in the number | 414025, 15. 617022 
of Feet, with ten Cyphers. F" J6.102608 


You 


(9 ) 
You have 2419, with 17 Cyphers, for the 2C, 383694. 
value of the Gold that covers the Earth one Foqt. 
Which deducted from the Log. of the value 22,265426 
of the Barley : 20,333694 


Jn — 


Whoſe Number 2.97 3 8 137 J2 
ſhews, That if the whole Surface of the Earth was covered with 


wo 74 feet thick, it was but the price of the Barley. 
q. e d. 


— —_— i — - 
—_— __—————— 
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Again, to the Cube of the Circuit of the 
Earth, 100776960009900 13,903 362 
Add 2,227546 


You have the ſolid Content of 
the Globe in Cubick Miles. 170152000000, Lly230gl i 
Which multiplied into th | 
Cube '# x80 -" Hicks 1471919 52000 & LL LO ZPOt 
the Cubick Feet in a Cubick Mile, —— — 
|} You have 2505 with 19 Cyphers, 22,398812 
= to the Cubick Feet contained in the Globe. 


According to Mr, Gunter and Mr, Oghtred's Experiments, 
2 3I Cubick inches are in a Gallon; therefore 1848 cubick 
inches are in 8 Gallons or a Buſhel. 

As 1848,3,266702, Ihe Cubical inches ina Buſhel, 

is to 172 8,342 37544, I he Cubical Inches ina Cubical Foot. 
So is 544800.5,735236, I he Grains in aBuſhel by trial, 


to 509422.35,707078. I he Grains in a Cubical Foot, Multi- 
plied in 22,398813. The Cubical Feet in the Globe 1276 


——_ gr 


«25 cyphers,28,1905891, ſhews how many Barley-Corns if the 
C Globe 
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Globe was converted to Barley, it would contain; which ſub- 
ſtrated from the Log. 29,003862, the price of the Sheep. 
28,105891 


—_ n_—_—_— 


2, 906. 0,897971, ſhews that above 7 ſuch 
Worlds, if conyerted to Barley, is not enough to pay for the 
Sheep : q.e. d. 

Or if the whole Globe was covered 3436 Miles, equal to 
the Semidiameter of the Earth high in Barley, there would not 
be enough. 

For that would be equal to 7 times this Globe, whoſe Semi- 
diameter is 2436 Miles; Spheres being in triplicate proportion 
of their Diameters 12 E. $. that is here where the Diameters 
are as, 1 and 2, the Spheres will be as 1 and 8, take the diffe- 
rence of the Spheres, it will be as 1 to 7. 


Of Ele&ion of Quantities, 


13. The Election of Quantities may likewiſe be found out 
by the Table of Figurate Numbers, or elſe by the foregoing 
Rule; for it is but the addition of the ſeveral Combinations - 
that are under it to the Number it ſelf. 

As, How many are the Elections of ten Quantities ? 

By the Table I muſt ſee how many Combinations there are 
of 2,3, 4, 5, 647, $, 9, and 10, in ten Quantities, as isalrea-- 
dy done in the 5th, 6th, 7th, and 9th. Sefton, which added to 
10, makes 1023, theElections, thus ; 

10+445+120-+210-þ2 52-þ210-þ120þ45+10+1= 

1022, the Ele&ions of 10 Quantities. 

14, How many Conjundtions may there be of the ſeven 
Flanets ? 

The Election of 7 Quantities lefſened by 7, the number of 
Planets is equal to the Conjunction of the Planets;as, 2 +- 135+ 
35--214-7 +1=120, the ConjunGQions, that is to ſay, there 
are 21 Conjunctions of 2 Planets, 35 Conjundions of 3 Plancts, 

35 
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35 of 4 Planets, 21 of 5 Planets, 7 of 6 Planets, and 1 of 
7 Planets. | 

I5, There is.a Key that hath 8 ſeveral Wards, and it is 
deſired to know, how many Locks whoſe Wards differ, may 
be made which that Key may unlock? I aniwer, 255 
Locks. 

Ss 8 0, 

8-j-28-]-56-|-70-- 564-2 8+ 84+1=255 {everal Locks, 
8 whereof, have but one ſingle Ward, : 8 have double Wards, 
56 trebleWards, 7, 4 Wards, 56, 5 Wards, 28, 6 Wards, 
8, 7 Wards, and 1 Lock hath 8 Wards. 

But if it had been required to know how many ſeveral Locks 
might have been made, which that Key might unlock, and 
. neither of the other Keys? 1 Anſwer, 70 Locks; andeach 
Lock muſt haye 4 ſeveral Wards. 


16. But in caſe of Ele&ions, where it is deſired to have it 
performed at one Operationz  __ 
. Then it may be done by the Rules of Geometrical Progrel- 
10N. 

Let r= to the Ratzo, which here is always 2. 

s5= the Sum of the Terms. 

z = the number of the Terms. Then 

r 0) —1 =s. That is to fay, Multiply the Ratzo 2, as 
often in it ſelf, as is the Number of Terms, and from it tub- 
ſtrat 1. the Remainer is the Sum of the Elections. 

As the 1oth power of 2 is 1024. from which ſubſtradt 1. 
the Remainer ſhews its Ele&ions. | . 


17. How many Elections are there of the Letter of the Al- 
phabet?. r@t)—1. 4.e. 7 (?)—r. | 

r (2%) = 16777216 = to the 24th power of 2. 

Subſtract I. 
16777215, The Number of EleQions of 24 
Letters. C2 That 
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That Ele&ions do proceed as the Sums in Geometrical Pro- 
greſſion, whole Ratio is 2. appears; as Francis Schoten in his 
Mſcellanies hath demonſtrated : as take 4 ſeveral Magnitudes, 
a, b, c, d, in ordcr. 

Sum Elet. Dif. 
ar ann 2A | I. 
A, Þ. Ab —— -N 
2,b,c, ab, ac,bc, abc. ——7 {- 4. 

a, b, c, d. ab ,ac, ad, be, bd,ca,abd,abc,acd, bed abiid 15 

"Or thus, leaving out thole that are meationed in the forc- 
Song Election, 


a. 
b, ab. ; 
, Ac, BC, a, 4. 
 &, ad, bd, ab. at acd, bed, abca. 8. 

S0 that theſe whichare the Differences of the Elections, do 
all proceed in Geometrical Progreſſion, and-the Eledions arc 
the Sums of Quantities proceeding in Geometrical Progreſ. 
on. = 

Ele&. Dif. of Ele&tions. 

a. 

ab. 

a bc. 
abcd. : 
abede. I6. 
abcdef. ; 48, 
abcdefs. GO 
abcdefoh. | 128. 
as by 256. 
abcdefghik. FI 2. 
FFRLee hikl. 7. I024, 
abcdefghiklm 2048, 
chodrfebihiorm 3191, 4096. 
a#bcdefebikimno. 16383, 8192, 
abcdefghiklimnop, 32767. 16384. 


abedefghikimnopq. 65535: 32768, Of 
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Of Variations of Quantities, 


18. Having conſidered the Combinations and Eleftion. of 


Quantities , let us conſider their Variations or Changes of 
Places, 

One Quantity can admit of no Variation. 

Two Quantities admit of » Variations; as 4b, 6 4. 

Three Quantities of 6 Changes; as, abc, ach, bac,b ca, 
cabandcba; which is found by Multiplying their Inceres 
together, viz. 2 into 3 ; for two Quantities or Letters, admit: 
ting of 2 Changes, there are : ſeveral times : Letters ; anc! 
coniequently 6 Changes; as, a,b, c, do admit of 3 Combinati- 
ons by. 5 Se&. viz.ab,ac,bc: and each of theſe of 2 Varia- 
tions; therefore the Variations of 3 Quantities are ©. 


Four Quantities hath :4 Changes; for 3 Letters admittins - 


of 6, there are four ſeyeral times ; Letters, and conſequently 
4 times 6 Changes, 1.e.24; as, a, b, c,d: hereisabc,abd, 
acd, andb cd. Now each of theſe, as by the laſt, do admit 
of 6 Changes: To the Changes of ab c, prefix 4, then you 
have 5 Changes; dabec, aacb,dbac;dbca,dcab,dchy a. 
So to the 5 Changes of 46 4, prefix c, you will have 6 other 
Changes. So to the 6 Changes a c 4, prefix b, you will have 
other 6 Changes. Andagain, to the 6 Changes of b c 4, pre- 
fix 4, you will have 6 other Changes. So in all you have 2 4. 
Changes of 4, b,c, 4. 

Five Letters, on the lame account, admits of 120, made by 
Multiplication of 2 4 1n 5. 

Six Letters of 720, made by Multiplication of 120 in 5. 

Seven Letters of 5c 49, made by Multiplying 720 in 7. 


19. It is required to know how many ſeveral Combinations 
with its Variations, there are of 3 Letters in the Engliſh Al- 
phabet. Multiply its Combinations 2024, in its Changes 6, 
and 


(14) : 


and the Product 12144 is the Number of placing 3 Letters in 


the Alphabet, with all their Variations. 


20, But if there are 2 , or more Quantities or Letters of 
one tort, then divide the whole Number of Changes by the 
Changes of the Number of thoſe Letters, and the Quotient is 
the Number of Changes; as, 4, 4, b. Divide 6 its Changes by 
2, the Changes of 2 Letters, the Quotient is ;, and fo many 
Changes are there. 

So44abchath2o Changes; for Divide its Changes 120, 
by 6, the Changes of 3, its Quotient is 29. 

If there are 2, or more Letters that hay: 2 or more Letters 
of one fort, then Multiply their Changes together for a Di- 
viſor; as, 44 4b b, Divide its Changes 120-by 12, the Pro- 
du of 6 m 2, being the Changes of 3 and 2, the Quote is 
10, its Changes, 

So there are 6 Changes of 44bb, 210 Changes of aaabbce. 
Cuantity. Variations. 


F'.: #0 

- EL 1 

I, 0. 

4. 24. 

CE. 4:2© 

6:7 20; 

7?, $040. 
©. 40320, 


bY 3628800. 

Il. 39916800. 

12. 479001600, 

I3. 6227020800. 

T4. 07178291200. 

I5; 1307674368000, 
16, 20922789888000. 
355687537996000. 


(15) 
18. . 6402375683928000. 

; 19. 121645137994632 000. 
20. 2432902 75992640000. 
21. fI090957957745 440000. 
22, I1240010750703996 60000. Wy 
2.3. 25852024726619192610000. | Fe 
24. 62104485934; 886062 336000c. F 


By this Method may be found how many ſeveral Changes oP 
there may be on each Chance on any Number of Dice ; as, q E: 
On 3 Dice, Oz 6 Dice. W 
Chances. Changes. Chances. Changes. 
FRLFRINEEL 4 Ts ly ts 1, 2:6; 
T,l,1l,1,2, 3. 30, 


On 4 Dcce. Ty, 15 I,2, 2, 2. 20, 


Chances. Changes. 1,1,1,2, 2. 4. 120. ; 
I, 1, 1,1. TY. I,1,2,2, 3,3- 9gO ; 

1, 1, 1,2. 4. I,1,2,2, 7,4. 150, ; 

3, 13 2,2. 6. I,1,2,7,4,F. 360, 6 

I, I, 253. 12, 1,233, 43 5,6. 720. | 
1,2, 3, 4+ 24. 
21. How many Elections are there of 10 Figures with all its | 
Variations ? | wt Wl 
Multiply all its teveral Combinations with its proper Changes, Wes 
then the Sum of the Products is equal to all 'the Eleftions with 18k 


theix Changes. 
Multiply 
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1 O01 


—1 0, 
45 IN 2——— ——9g0, 

I20 I 6—— ——720. 

210 I 24——————5040. 

1 252 11 120 —— _—30240. 
Multiply Le in 720 "171 + ay 
120 in 5040—-——604300,. 
45 In 40320——181 4400, 
10 IN 362880262 8800, 
I in 2628800—2 628800. 


— —_— 


9864100 = all its Elections 


' with their ſeveral Changes. 


Of Compoſition of Quantities, 


Although this is the moſt compoled way , yet this is the ea- 
fieſt to be performed ; for if the compoſition of two Quantities 
in 10, or any other Number given (as the Alphabet) is ſought; 
it is but {quaring 10 or 24 , and therefore there are 1-0 Con- 
junctions of 2 Figures in 105 576 of 2 Letters in the Al 
phabet. 


23. If the compoſition of 3 Quantities be ſought, it is 
the cubing of the given Number, as, 1000 , of ; Figures. 
1;824 of theLetters in the Alphabet. | 

If the compoſition of 4 Quantities, then it is the Biqua- 
dratick power of the number; as 10000 of the Figures, 
231776 of the Letters. 

Tf of 5 Quantities, the Quadricubick power z as, 100000 
of the Figures. 796: 624 of the Letters. 

if of 6 Quantities, the Cubocubick power ; as, 1000000 
of the Figures, 191102976 of the Letters; and ſo of more 
Quantities, . 

It may be Objeced, that herein I am miſtaken ; for .. ing 

: able 
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Table of Numbers there are but 900 Conjun&tions of 3 Fi- 


Sures , for the rigures untier 1c, are but of oneplace ; between 
10 and 100, of 2 places. 
. IAnfwer; If. in writing thoſe: numbers , you will ſupply 
what is t» be underſtooa, by filing up the void places with Cy- 
phers, as 000, OOr, 002, 00:, 004, Ge. Or, 02, 013, 
C21, 029, O75, &c. you will find there are 1.00 Nuinbers 
that conſiſt of 3 places. | Ne. 

How many ſeveral diſpoſitions may there be of the 24 Let- 
ters , taking them by one and one, two and two, three and 
three, and fo to 24 ? 

If it had been demanded to know how many Dilpoſitions 
. or Compoſitions there are of 24 Letters, accounting each time 
24., the Anſwer would have been, 
13;3715775850284: 2444908147; 842776 , The Num 
ber of ſeveral Compoſitions that 24 Letters may make, be- 
ing the «4th. power of >4: Bvtteins we are to find all the 
Numbers procee1ing in Geometrical Progreſſion under it , 

Let 7:-- Ratzo —=24z at e=fir ſt Term== 2.4. 
z= Number of Terms, 
zZ= Sum of all the Terms. 

| 7—T , e :: 7) —1 . z. ( Dr. Walls: Arithm.) 
that is to ſay,as the Kato lefien'd by an Unitzis to the fir? Term, 
ic is the R-:0 aultiplied in it {elf as often as is the number of 
Terms leſſened by an Unit, to the Sum of ail the Terms; 

The 2 4th. power of 2 4 1s 
I333725776850:841 24149081472 $4 776. Which leflened 
by an Uuite,and encreaſed by 7 of it, is t..2 Num.dctred,thus; 
7 ()—1 . 13337357768502841244490 1472843775. 

3 $793885120:696257497604701955 5425, 
I 2V1 F2ALRS. $725 " OGY 212 949 2.402200. the 
Number ſought. Which in a Frerc Author, Entituled , Zleeners 
des Mathematiques ;, Publiſhed 1675 is mils-calculated , where 
he gives you the Anſwer, but not the manner of Operation. 


_ 2.4 


(18) 
24, How many ſeveral Chances are there on 2, 3, 4, 5 
and 6 ice ? | 
Accordins to the foregoing Rules, Lay there are 36 chances 
on 2 Dice, 216 chances on 3 Dice, 1296 .chances on 4 Dice, 
2776 chances on 5 Dice, 46656 chances on 6 Dice. 
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A more particular Account according to the foregoing 
Rules of Variation, 0n 2,3, and 4 Dice, followeth, 
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The leveral Chances on 2 8 Caſts, are 15 , which Ihave 

Dice. | forborn to let down in parti- 

cular, for that they are the 

Caſts, Points, Chanegs. Sum, | Sum; As, 2, 3, 4y 5, 6. Muta- 
tis mutanais. 

FEEL EY Me Towhich add the Chances 

"TE. RTP * | of 7, which are 6 ;, their Sum 
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is 36, the Chances of 2 Dice. 
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'' The Chanceson 3 Dice. 


Caſts, Points. Changes Sum. 
23-49-4242 
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The Sum of the Chances of 
So likewite of 12, 11, 10,9, 


| 


(t9) 
| Which Multiplied in 2 ( for 
the Chances, of 18, r7, 16, 
- 2 I4 T2, G0 It, are ſo ma- 


ny) produces 216, the chan- 
ces of 3 Dice, 
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Cafts- Sumof the Chances, 


4324 E 
F323 4+ 
0,22 _ 1O 
7,22 20 
6,20 3F 
9, 19 56 


10,18 v0 
11,17 104 


12,16 125 
13,15 140 
375>- 


Which being doubled, is 1150; to which add 146, the 
Chances on 14, the Sum is 1296, the Chances on 4 Dice. 
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If you will take an account of the Caſts whoſe Changes are 
8,4, &6, you will find there are 216 Chances of double pairs, 
or 1a and In, as it is uſually callPd in the Play on 4 Dice that uſu- 
ally bears that Name. - 

If you. reckon the Chances whole Changes are 3, 4, in which 
are.no Pairs, you will find them to be 360;. and 1ſo- many 
Chances there are where there is no Pair, and conſequently 
there are 720 Chances where there are {ingle Pairs. 

The faid number of 360 Chances having no Pair, may like- 
wiſe be found by 5, 5, thus 6— 3==3. with which enter the Ta 
ble, and eyen with it in the Fourth Row, ftands 1 5 , its Com- 
binations; whichnwltiplicd in its Changes 2 4, produccs 360,.- 
as before. 
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I will give you another Mathematical Obſervation on Dice. 


The particular Chances on 2 Dice are, 
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2, 2 22 | 23 | 24| 25 | 36] 


3,1 32 33 | 34| 35136 
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Do: : 


152-353-3345 56 
lou G62 G63 G64 65 66| 
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Here is 36 Chances the Square of 6, as before, all the 
Chances of 6 are placed in the lowermoſt and furthermotRow, 
ſo that in the Square of 5, z. e. 25, there is no 6. So there 
are 25 Chances without 6, and 11 where there is a6. 

In the Square of 4, z.e. 16 Chances, there is neither 5 nor's6. 

In the Square of 3, 5. e. 9, there isneither 4, 5,nor's, 

In the Square of 2, z.e. 4, there is neither 3, 4, 5- nor 6. 
This may be applied to other Chances, 


d7, 
256, 1024, <OYg9C. 
Fy 25, TI25, G2F, ZI2F,I'62F. 
6, 365... 316, 1296, 77760,46656: 


This isa Table of the Powers of 6, and of the Numbers under 
it; and by it may be accounted how: many ſeveral Chances there 
are on 2,3,4,5, or © Dicc, anc how many there are where 
there is no 6, or neither 5 nor 6, or neither 4, 5, nor 6; or 
neither 3, 4, £,nor6. On 2 Dice we have done it already. 

On ; Dice, I lay that there are 125 Chances where there 
i5no6, and 91, where there is a 6; for 216—125==91 
that is to ſay, in the Cube of < there is no 6. In the Cube of 
4, that is, 64, there 1s neither 3 nor 6 ;, and the Remainer 
( it being ubſtrac:ed from the Cube of 6, Viz. 216, ) is 152, 
which are the Chances where thece is a 5, or 5. 

216—27=: 83, which are the Chances where there is a 4, 
5,o0r 6, and the Cube - 7, ſheweth that thereare 27 Chances 
that have neither 4, 5, nor 6. 

If it be demanded on how many Chances on 4 Dice, there is 


no 6, [ lay on 625, the Biquadrate of 5; and 1296—625=, 


671; anc info many Chances there is a 6. 
In + 5 6 Chances there is neither 5 nor 6.129 6—256=1 040. 

and ſo many Chances hath either a « or a 6. 
 In81 Chances there is neither 4, 5, nor 6; 1296—$1= 
1215; ſo many Chances hath eithera 4, 5, ors, 

In 16 Chances there is neither 4, 5,nor 6. 1296—16= 
i280, and {0 many Chances hath either 3,, c, or 6. 

After the lame manner , on 5 or 6 Dice, their Chances may 
be 
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be ſhewn , and what is ſaid here of 6, is true of any oth e 
ſingle Chance. 


Foraſmuch as all Powers of Numbers do conſiſt of feyeral 
Combinations of Differences , as will appear; I will preſent 
you with a View of the Tables of the Powers of Numbers, as 
in relation to their Differences ; and how ( having any Power 
with its Differences) to find any other Power and its Difie- 
rences. 

The Differences of Squares do proceed in Arithmetical 
Pr onrelfion, and its common Difference is 2. 

2. If you {ubſtratt the Difference of the Differences of any 
Power, {o often as the Index of the Power is, you will find 
they do encreaſe in Arithmetical Progrefſion, and their com- 
mon Difference is found by Multiplying all the InGraes under it 
together , and in its own Index. 


Square, © <: FWOE« 

I b. 
o o Ad. Firſt Difference. O o d. Firſt Difference. 
i 1 1 f. Common Differ I 1 f. Second Difference. 
S4-3 3s 2 9.7 6-2. C 
SP 3-:.iKo 3.27.19: 2-6, 
6:16:73; 8 64.37.1896; 
E30-40-#+ $125: 61-246, 
6/.36-+t--2; 6..:316.- 91 30-6. 
7] 49 13. 2. 7 343 127 36 6. 
5 04 15 2. 3... $123 169: 42-6, 
9 B+ LF --$5 9 729 217 46 6, 

19 100 19.2. 10 1000 271 54 6. 


Its Commer Difterence's 6, is made by Multiplying its 7-- 
dex; int. 


b. Biquadrate, or Qurdriquadrate. 
O d, Its firſt Difference, 
I t Ff. Second Difference, 


© 

I 

2 16 15 14 gp. Third Difference. 1% 
3 8 65 F5o 36 6h, Common Difference. | MN 
4 256 175 tlio 60 24 1\F4 
5 625 369g 194 B84 24 Ws 
6 1296 G71 302 108 24 M6 
7 24cCl 1105 434 132 24 Ll 


8 4096 1695 590 156 2 
9 6561 2465 779 180 34 


10 10000 3439 974 204 24. MS 1 


Its Common Difference 24, is made by i. its In- ht 
dexX4, in 3 in 2. P41 
b. Quadricube. 3 
0 o Ad, Firſt Difference. 4 
k n I f. Second Difference. 9 | 
2 32 31 zo 2g. Third Difference. "'y 
2 343 21z i180 150 bh. Fourth Difference. | 
4 1024 781 570 390 240 k. Common Dif. 
5. 3125 2101 1320 750 360 120 ' 
6 7776 4651 2550 1230 480 120 "1 
7 16807 gozt 4386 1830 600 120 8 
8 32768 15961 6930 2550 720 Izv | 
9 59049 26281 10320 3390 840 129 
IO IC0000 4OgFl I4670 43509 960 130. 


"A 
Its Common Difference 220, is made by Multiplying its in- 
dex 5, in4, in3, 103, 
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©. ſtands for Square, as Q 5. that is the Square of 5. 
C. for Cube. L ©. for the Quadriquadratick, or Biqua- 
arate. 

© C. for Quacricube. 

Any Power with its Differences being given, to find any 
other Power and its Differences, let b ſtand for the Power 
Siven, 4, for its firſt Difference; f, for its 1:con] Diffe- 
rence; &, for its third Difference h, for its fourth Difference; 
k, for its fifth Difference; m, for its ſixth Difference. 

And if the Power be greater, no more Symbols. 

With the Differences of the fides of the Powers given 
and fought, enter the Figurate Table, and to the Power 
Siven b, add fomany ds asare in the firſt Roweven with the 
Difference of the files; and ſo many f*s as are in the ſecond 
Row, and ſomany g'sas are in the third Row, ſo many h's as 
are in the fourth Row, ſo many Ps asare in the fifth, and fo 
many ms as are in the fixth Row , where occaſion requires , 
and the Sum1s the Power ſought, 

If the Power ſought, be a Squre, take only the two firſt 
Differences, 4, and f, | 

If a Cube; ute only the three firſt Differences , 4, f, g. 

If a Biquadrate; the four firſt Differences, 4, f, g, and h. 

If a Quadricube ; the Differences 4, f, g, þ, and k. 

If a Cubicube; the Differences 4, f, g, h, k, and m. 

The Square of 5 ts 25=6b, d=9, f=2. What is the 
Square of gf? g9—5=4 With it enter the Figurate Table, 
then b+44|-lof=Q. op 

25-1-36-|-20 = 81, | 

The Cube of 3 is 27, What is the Cube of 10? Here 
b=3,d=19.f=12, g=6, 10—3=7. With it enterthe 
Table. 

b+7d4+28f + 84 8= 1000 = Cubeof to. 

27+ 133-}3364+-504= 1000. 
The 


Y=3EF6c A= 4973 F=110:; $=69; #F=16..106=4=6:; 
With it enter the TE os Table. Then, ? N 
b + 6 d-þ- 21 f-þ- 56g + 126h=2LQ. 10, 
256-|-1050-+2310+3 360-Þ2024=1 0090, 
The LC. of 4 is 1024, Whatisthe QC. of 1c, Here 
=i024, 4=781., f=5$70. g=390. bh=240., &=i20. 
Lo—4=6, | 
| b 1-6 A221 fo F 6 g +l 26 hb +:251h=QC.o, 
1024-+4.586-]-11970+2183840Þt30240Þ+30240=1860000, 


— As the Powers are thus found, fo are their Differences ; 


if it be 4 its firſt Difference that is ſought, then let the firſt. 


Row be joyned tof, the ſecond fo g, the third toh, the fourth 
to k. 
If itbe f, the ſecond Difference, then let the firit Row be 
joyned tog, the {econd to h, the third to k. 

If it be g, the third Difference, then let-the firſt Row be 
joyned to h, the ſecond to k, &c. 

As inthe Example of the Cube; 6=27 . d=19.,f=t2. 


g—=6. Whatthe Cube of 19 is we have found, what are the 


Differences ? 
d-{-7 f-j-2 89= the firſt difference of 10 , =d. 
I9+84Þ168=271=4. 
#-+7 g= ſecond difference f. 
I2-t-42=54. 


The Cube of 10 is 1000, what is the Cube of 20 ? 
b=1000, d=271. f=54. g=6. 20—Io0=10, With 
0 enter the Figurate Table. 
b-k 10 a5 5 f-+-220g=Cube of 20, 
1000-27102 970--1320==5000. 
d-+10 f|-5 5 g=d firſt difference. 


271+5494-339=1141., | 
E 2 + 


The 20. of 4, is 256. Whatis © ©. of 10, Hre 


(28) 
f--1eg=f ſecond difference. 


54+ 60 =114. 
b4-d+f =g= Cube of 21. 


$000+1141-+114þ6=9261. 


i 


In the Example of the Quadricube given, what are the 
Differences ? 


d+6f + 219 56h 126 k=4d. 
781-1 342 0-5-8 7 904-1 3440-1 FI20—4OJFr. 
f+-6g+ 21h 4-56 k-f $ oornggote 
2 _ — 
$7078 3404-59495 *0749=140 70 FLO POUT es: 


ha SRISTHN BOron 3) QC. nn 
haeneF I 00000-T-4C9g5 14-14670-+4350 
240-]-720=g60 660+120==161051, : D 


My manner of diſcovery hereof, was thus ; 


I firſt made theſe Obſervations on the Tables of the Dif. 
terences of Powers. 


1. Every Power is equal to its own Difference, and to all 


the Differences above it; as, 
&.16=7:+5 +3 I. Cub. 54=37-19+7+1, 
2D. 256=175+6565-þ15+!. £QC.243=211+31-+1. 


2, Every Poxer increaſed with all the Differences that 
and in the fame Row , is equal uato the next Power fol- 
lowing ; as, 

©. 16 7 +2 _ IM 
Cub, 64+ 374-18-F6=C. 125.. 


£2&.:156+175-þ1 10-b=6coþ-1 4. LL. 625, 
3.Every 
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2. Every Power increaſed with the Difference under its 
own Difference, until you come even with any Power deſired, 
1s equal unto that Power; as, Q. 9-4=-7-1-9+-11=2. 36. 

C. *-j-1937=C.64. Q2Q&. 164+6;+175=XLQ&.:56. 


4. Every Difference is equal unto the Difference above it, 
and all tanding even with that to the right hand, that is to be 
unſerſtood where the Table hath its full Differences. 

As in the Table of Cubes, 91=—=61+24-4-6. 127=91- 


Jo-1--6:. | 
In the Table of Quadriquadrates, 671=369+294+ 
84-]-24. 


In the next place, Ibegan to examine the Tables thus; the 
Square of 2 is 4, what is the Squareof 5? Hered=3,f=2. 


b+5+74þ-9=25=Q. 5. 
3 Obſerv. that is, 


_ b-þ52.e. 3+2, 4-} f. df. 20 Fo 
4 Obſerv. 1-7 5.6, 5=+-25. 6.5. 4.-fF. 
df. 7: 


2 
+9 5.6. 7-þ-2 1.6.79, d4+-1f. d1-3f. 9. 


2... 4. 3475-7: 


A 
es... DA — 
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So that b6-|-24-|-6f—Q.s. 
4+9-F 12=25, 


Me ————— ——— _—_— 
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| Iathenext place, I tried the Cube before mentioned thus ; 
SN Moe "ge = b- 37 + 61 -+9g1 127+. 
b=17 d=rgf=n, g=6. $I Ts 


3 Obſerv, b+ 37. 1. e. 194-1246, d-{- fg. d+f+g=37. 


(30) 
37-4+fl-g. 2 4trf 
+ Obſerv. +61. 3. e. 37-|-18-+-6 7.6.18, Fre C 1-32 
6. wt Yo. 
Fe ' 


EDI nb. 
0 Oromo wg2 er ann Pry Orgy, 


61.d-1-2f-h-3g.FAd-|-3 f 
-}-91 7,0.61+24-56. 7.6. 24, fÞrg.p -|-6g 
6, EY =91- 


91+; Frag 4-47 


ob] 27.1.0, 91=j-30-|-6 2.6. 30. 3-35 +1og 
Ez 0 £&. y =127- 


127, dbafo Op. a 


+169. 7.6. 127-þ36-+6 36, 1-46 7 15 4E= 
6. 8. 169. 
| 169, tif. -158.2 d-|- 6f 
+2317,1.0.169-t-42+61.6. 43%, f+5p.> -Fa1p 
6, $I =217 
217, EP) 19.2 dt+7 f 
TAFTE8 LIN une 6.7.6, 48, en (0-285 
6. 8. JD=271 
74-2 8f + 84g. 


b-]- 7 d-þ2 8 f4+- 834 p= Cube of 10, 
27-+133+336-|504=1000, 


In the Biquadratick ir I found after the ſame manner, 


that the Q<.. of 3, that is, 81 =06. 
81. 


+74 +2 8f--84 g-j-210h=Q9. ro. 
45 5-1 49043024 5040=10000, 
TAAEHINS. .f=50 .g=36.h=24. 
From 
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From whence I obſerved that the Figures joyned with the 
Differences, were all Figurate Numbers, and proceeding in 
order. 

Thoſe joyned ,with the firſt Difference, 4, to be Lateral 
Numbers. 

Thoſe joyned with the ſecond Difference, f, to be Trian- 
Sular Numbers. 


bers. - 


Thoſe with the third Difference, g, to be Pyramidal Num-« 
Thoſe with the fourth Difference , h, to be Iriangulo-Py- 


ramidal Numbers. _ 
Thoſe with the fifth Difference, k, to be Pyrami-pyrami- 
dal Numbers, 


But as in Combinations, in cafe where there is no Figurate 
Table, or the Number of the Difference of the ſides do ex- 
ceed the Table, the Powers may be thus found ; 

Take the Difference of the ſides of the Powers given and 
ſought, and increafe it by an Unite as often as the Index of 
the Power is, ſave one, placing them with the Sign of Mutlti- 
plication x between them for a Dividend; then place an: 
Unite with the like Number of Figures increafing by an U- 
nite with the Sign of Multiplication x between them for 5 
Diviſor ; then prepare the Terms , by dividing the Dividend 


and Divifor by each ſeveral Number 1n the Diviſor, and the 


Divitor will be brought to an Unite; then multiply what 
is remaining in the Dividend, for a Quotient. 


The 2Q. of 10 is 10000; what is the 2 ©, of 20? 


hb —1 0600. d=? f= \ f=204. b=24.. 
Where; = 9969. 3439. f=974. g=204 4 
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> Fees 
The Fattors of the Quot,T he Quot- 


19 10d.10x* 3439. 
FxIL F5f. 55 x 974- 
FXIINGS — R22Cp. 220X204, 
FXIIXI3., 15h. 71 5X24. 


The Q. Q. of 20, 


in this, that there the 


rence 31; 1320=f, 750 =g. 
is the Q.C. of 105. 


rape ns & 


91962520 k.1.e. 91962520*120, 11035502406, 


b. 1 0005, 


34390. 
J3579. 
44880, 
I 71 60, 


I 600090. 


This differs from the manner of operation in Combinations 
Quantities do decreaſe, and here they 
do increaſe in Arithmetical Progreſſon. 


The ©.C. of 5 is 3125 =6b. 2101 =d, the firſt Diffe 
360 =b. 120 = h, what 
105—5 = 100. 


FX4X3x2X1 JI ©OXIOIXIO2XIOJXIO4( 


The Fattors in the Qnot- 

100 100, 

FOXIO1 F050. 

$OXIONS3 4 171700, 

25*TJOIXI741053 = 4421275. 

$XIOIX17XIO0JX104 919623520. 

that 1s, b. 3125. 
10Od. 1,C, 109 X2101 f, 2101CO. 
5O5Of.1,c FOKO # 132O _. 6666000. 
171700 g.le. 1717COX750 128775 c00. 
4421275 h,1.6.4421275Xx360. 1591659co0. 


————. 


12762815625=Q C.105. 


This 
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This way ſhews how any Figurate Number for any Latus 
may be found, and any Figurate Table may be examined; as 
what are the Figurate Numbers for 3. 


I IXIOXgXBXTEGXSE4X3X2X1)\ JOX3IEG2X33KX34KX3560 30% 


37*36® Z9*40. 

The Fattors of the Quotients are The Quotients. 
4 I T-* 

2130 3o 
3}ISX31k 465 

4] F*31Xx32 4960 

5 [FXZIXSX33 49920 
6|31x8X33Xx34 275256 

7 131X0XIIXIZ7X35F 1623160 
S|ZIX8*I1IX17*5*36 8347680 
g131*11*I7*5*36337 2560802 0 
JO|3I*.1*17*5x4837838 163011640 
ITt|31IXi(1xX17*2*37X33X39 635745396 
12j31*17*2837*306*3g9*40 231101440 


Agreeing with my Figurate Table. 


—_— 


A Demonſtration of the Rules in the gth and laſt 
Paragraphs. 


Lthough the Rule here given for the finding a Figurate 

"A Nuwber, and the Rule in the 9th. Paragraph do differ in 
this, that the Quantities there do decreaſe, here increaſe in 
Arithmetical Progreſſion, yet they do both ſprins from the 
laſt conſequence cited by me out of Monſieur Paſcall on Figurate 


Numbers. 
F For 


(34) 

For by that conſequence any Figurate Number with its 
place being given, it is eaſie to find its next Number in a 
Diagonal Line either upward or downward. 

As 165 beings the gh Number in the 4tþ Row, what is the 
8th Number in the 5th Row ? Say, as 4s to 8, fois 165 to 
33c, the Number required. 

What is the 1 cth Number in the 34 Row ? Say, as 9 is to 
2, fois 165 to 55, the Number delired. 

3060 heing in the 15th Line in the «th Row, what are the 
Numbers joyinng to it in the fame Diagonal Line? Say, as 
F. 14:: 3060, 8568, being 1n the 14th Line in the 6th 
Row. Again, 15. 4:: 3960. $16. being the 16% Num- 
ber in the 4th Row. 

Andeonſequently , the place of any Figurate Number be- 
ing given, that Figurate Number may be thus found ; 

Firſt, Find the Natural or Lateral Number in the ſame Di- 
agonal Line, then the next Number to the Lateral inthe ſame 
Diagonal Line, then the next to that , until you come to the 
Number deſired. 

The Lateral Number is known by ſ{ubſtrafting 2 from the 
Sum of both places; that is from the Number of the Rows 
and of the Lines. - NN | 

As what is the 5th Number in the 34 Row ? 

The Sum »f 5 and 3 is 8; from which ſubſtra& 2 , there 
remains 6, the Lateral Number of the ſame Diagonal Line. 
Then ſay, as 2 is to 5, 10 is 6 to 15, the Number requi- 
red. 

What is the 47h Number in the 4th Row ? Say, 
4-}-4=8, leſſened by 2, is equal to 6, its Lateral Number, 
then ſay as before, 2.5:: 6.15. Again ſay, 3.4::; 15.20, 
the Number ſought for: Or thus; 
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(35) 
What is the 67h Number in the 6th Row ? 
6-1-5=12, leſſened by 2= 1c, its Lateral Number , then 
find the next toits Lateral Number in the ſame Diagonal, and 
i109 continue working until you ſhall come to the Number 
S394 Za, | 


required, thus; 2.9.10 ::— —— = 45, the gthNumber 
in the 24 Row. 

7 JOXz*9 lOxgn8 | 

5 Again, 3. 8:: 9 LED er === o: the-2b min: 
ber in the 47 Row. 

; lOx#gzsS | IOxgxgz7 
Again, 4.7:: © 'ETY (120 ny = 210 the 7th 
Number in the 5h Row. 

Ilongr}3g X57 JOngz 8R7 x6 


Again, 5. 6:: PTY (2190) = _ 


 Fn4X2 8 2 
— 252, the Number ſought. The very Examples of the Rule 
delivered in the 9th Paragraph to find 2, 3,4, 5, and 6 Quanti- 
ties In 10. | 

What are the 676 Numbers in the 34, 4th, and 5th Rows? 

Theſe ſtanding in ſeveral Diagonal Lines, muſt be wrought 
leverally. 

6 +3=9, —2 =7. its Lateral Number: 2.6: :7, 
6 * 7 


—=21, the Number deſired in the 23d Row. 


6+4=10 —2=8, its Lateral Number: 2.8:: -. 
EF. .J Y » 
{.-— = 28, the 7th Number in the 44 Row. 


2 
. 7x8 6n7x8 

Again, 3.6:: ——(28), ——— =56, the Number 
required in the 47þ Row. 

645 =11 —2=9, its Lateral Number, 2.9::8. 
Sx 9 . 
—— = 36, the 8/; Number in the 34Row. 


F p Again, 


ny  BLY 7x8 | 
Again, 3. 7:15" (36)555—= 84. the 7th Num: 
ber in the 4th Row. 
, 73889 6*x7n8x9g 
Again, 4.6:: "oY," VU IT351 =136., the 
Number deſired in the 5th Row- 
So - 3 4 3 
6 = 7 6»x7%8 X 7 x08% 0) 
TT SE 5, ) 4A*3 "va =126, 
6 
G6 | 
Lud EL IRIS $7, 
Cn4A4%8JZR2 


The Method of my General Rule to find any Figurate Number ; 
then by dividing the Dzwiſor and Dividend by each Number in 
the Di2iſor, the Diviſor is brought to an Umtez 15 Euc. 5. 
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I I [1 I 1 | 
I 2 3 4 5 | 6 
L 3 6 IO Io --1 21 | 
4 I© 20 $3-.-1 56 | 
E.4.4 4 I 5 TE --FO--1 126 | 
E414 6 21 5 6 1206 "G2 
HR Bs 2 © 04 210--| 46 2, 
' g 36 120 330: 792 
I 9 45 165 495 1287 
$oR hee LA —_ SF 
£6 46 23'T 66 2 06 IOOE | 300 3 
” 12 78 3 64- I 365 4360 
L 3-181 458 I 520 6188 | 
I | 14. IO5 | 560 2780 | 8568 
"Bos 0 « 120 680 | 3e65 11628 
0 136 0109 3576 3504 
x1. 19] -I8- 1 909 71 "4945 4 20349 
| EY nn re, HY RAS OY OS 2: LE ELON, 
14 19 JO; | 2349 4 5999 7 20834 
| 1 {\-rg-\ "190 | 1430 | 7335 | 33649 
EE 20 210 1540 {| S655 | __42504 
CZ. 21 231 1771 10626 F313O 
IF 22 253 2024-::+..-12650 65780 
EE 22 276 390 14950 80730 
| I 2 4 300 2600 17550 98280 | 
t 4-35 -:|-335 2925 | 20475 | 115755 
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FF 66 78 
220 296 364 
om ar nn 
| 2 002 3903 4368 
5005 dOOd 12376 
I1440 19448 31924 
| 24310 4375 75592 
| 43620] 92376 167960 
92278 184756 352716 
167960 352716 705492 
293930 645646 1352078 
497420 1144056 2496144 
817190 __196r256 | 4457400 
1307504 | 3260760 7726160 
2042975 ſ311735 | 13937895 
3124550 8436285 21474180 | 
4686025 | 13123110 34597290 
. Con6g00 {- 200J00k0 | _ 14673300 
Iocol5oog | SooggOls 04972315 
14307150 | 44352165 | 129024450 
20160075 64512240 193536720 
28048800 | 92561040 286097760 
38567100 | 1311258140 | 417125900 
F2451256 | 183579396 | 600705296 
70607460 | 254186856 | 854992152 
94143280 | 348330136 | 1203322298 
124403620 | 472733756 | 1676016044 
[163011640 | 635745396 | 23118001440 | 


© etc ER] 

It 15 a chief property of theſe Figurate Numbers, That 
any Number in any Row is equal to the Sum of thoſe in the 
preceding Row that ſtands even with and above it. 

As 15 in the 34Row =5-t-4-1-3+2+-1 in theſecondRow. 
i So 35 in the 4+þ Row =15-þ10-+ 6-|-3+1, in the third 

Ow, . 
_ $0 76= in the 5th Row = 35-þ20+10-4-j-1, inthe 
4th Row. _ 

So 126 = 70+35---15-|-5+1 , &c,' And therefore any 
Number in the Figurate Table is equal unto that above it, and 
to that even with it in the preceding Row; as 3 =1-+2, 10= 
446. 126 = 70+56. 1001 =71 54-286, 462 = 252-+210, 


The Conſtruction of the former T able. 


Every Figurate Number is made by adding the Number pre. 
ceding it to that above it; as in the 34 Row, 3=21. 15= 
5 +10 66 =11 +55. In the qtþ Row, 35=15--20. 
220=<©5-4-165, 680=r20-|-560. In the 7th Row. 28= 
21 7, 210=126-+484. 5o005==20024-300J%. From 
whence Monſieur Paſcall in a Treatiſe on this Subje&, called 
Triangular Arithmetick,, hath drawn 1 9 ſeveral Conlequences , 
whereof theſe fofHowing are the choiceſt. 

I. Every Figurate Number is equal unto the Number prece- 
ding it, and all above it in the ſameRow; as in the 4th Row, 
20=1vÞ- +:-þ1., inthe 6tþ Row, 126=70+|-35-+15 
45+. inthe 7th 28=:21--6-+1, 

2. Every Figurate Number is equal tothe Number above it, 
and all preceding it in the ſame Line; as in the 3d Row, 
15=1:c|-4-|1. 10=6-+3+1, in the 6th Row, :1=6 
5-1-4} 324-1, 126=56+35+20-þ1 o-{-4-þr, 

3. If the Numbers of the Lines, and Rows of any Figy- 
rate are unequal , by interchanging the {aid Numbers, you 
will find the ſaid Figurate in another place ;z as the 2d Num- 
ber in the 6cþ Row, and the 6th Number in the 24 Row, are 

Go equal 
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(42) 
cqual to 6 ſothe 57 Number in the 3z4Row, and the 34Num- 
berin the 514 Row, are equal to 1 5, 

4. The Figurate Numbers in every Diagonal Line are dou- 
ble the Figurate Numbers in the preceding Diagonal Line; as, 
1-i=4-+6-|-41, is double 1-Þ-3-+-3 + 1, which is double 
1 4-2-3, and that is double 1+. 

5. Any two Figurate Numbers ftandins together ina Dia- 
Sonal Line, are 1n proportion one to another, as their places 
are reſpectively diſtant from their proper Line of Unites inclu- 
ſively, that is, accounting the place of the lower Nu.uber from 
the collateral Line of Unites, and the place of the upper Num- 
ber from the Capital Line of Unites ; as ; in the Second Row, 
and 10 in the Third Row, arc in proportion one to the other, 
as 2 and 4 ; for that 5 is in the Second Row, accounting from 
the collateral Line of Unites, and «to is in the 4th Line, ac- 
counting from the upper Line of Units; ſo 35 in the 5th Row, 
and 21 in the 6th Row, are in proportion, as 5 to 3. So 56. 
70:i4.F5- 0.28.56: 3. 6; 50330, :4023:5-.7:;--0 
$00..24300 £73 - 3; 
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A Continuation of the former Figurate Ta- 
bleto 8 Rows only, beginning ar 31, and 


ending at 100; in regard the other Four 
Rows would [well coo much. 
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; Late- \Triangu- | Pyrami- | Trianguls-| Pyrami-py- | 
' Units, | rals, | lar. dal pyramidal. ramidal. | 
1, 31 j 496 | $456 | 46376 324632 

I 33- 1}... $28 5984 | 52360 | 37699: | 
1 33 561 6545 | 58905 | 435897 
| 1 34 + --$95 7149 | 66045 | 501942 
_ | 35] 630 | 7779] 7385 | 525757 | 
30 660 0436 62251 | 658008 
1-49 703 9139 | 91390 749399 
I 35 741 9880 j lO11I709 850658 
rj. 39 i] $0 19660 | 111930 | 962598 
x14 520 | 11430 | 123410 | 10386008 
1 4k 861 1234l | 135751 | 1221756 
1 45 :1 - 993 -1 13244 } 14%995-[ 1370754 
E324: 08 946 | 14190 | 163185 | 1533939 
I 44 999 | 15180 | r178365 | 1712304 
0-7. 48.4 19353 16215 | 194580 | 1906884 | 
I 46 { 1081 17296 | 211876 2118760 
E149 1128 18424 | 230300 | 2349060 
3-1: 08 1176 196900 | 249900 | 2596960 
I 49 | 1225 | 20825 | 270725 | 2869685 
= 20 | aads4 3500 | 8045 | eiddeto 
| » | 51 | 1326 | 23426 | 316251 | 347876: 
EE | 1378 | 24084 | 241055 | 3819816 
| |} 53 | 1431 | 263235 | 267290 | 41877106 | 
| xy | 54 1485 27720 | 395010 | 4582116 | 
1 | 3s | 1342 | 29260 | 424270 | 5006386 
1 | 56 1 1596 ; 30856 | 455126 | 5461512 
t | 57 | 1553 | 32509 | 487635 | 5949147 
i | $5 | 1711 | 34220 |. 521855. | 6471902 | 
| 2 | $9 | 1770 | 35990 | 55784s | 7028847 
| 1 | 60 | 1830 | 3-820 595665 7624512. 
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| 
1947792 10295472 | 
2324784 | | 12620256 |} 
2760681 15380937 
3262623 | 18643560 | 
3638380 , 22481930 
4496388 | 26978328| 
5245786 32224114| 
6096454 38320568 
7059052 | 45379020 
8145060 __$3524550 
9366819 | | 62891499, 
10737573 73629070| 
1227I512 85900584 
13983816 99884400 
15890700 115775100 
1 8009460 1337045 60 
20358520 I 54143080 
22957480 177100560| 
25827165 202927725 
25989675 231917400 
32468436 204385836 
| 36288252 | 300674085 
40475358 | 341149446 
45057404 E 386206920 
50063 860 | | 436270780 
 $5525372 [491796152 
61474519 $53270671 
| 67945521 621216192 
| 74974368 696190560, 
| 82598880 | 778789440} 
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LOr? c | ras. | [ar TY 129 ale miaal. 
12 j6r 1 2891 | 39711 1 (635376 1 8259888 | 
——_ {62 | 19523 | 41954 ! 677040 | 3936928 
—_— iG3 j 2016 | 43999 ; 720720 |} 9657648 | 
Es 164 2080 | 457% j 765480 j10424128 | 
[7 3515, OS 2145 | 47995 + 814365 {11230513 | 
Ig 66 2211 | 50116 | 864501 12103014 | 
[ {67 2270 1 52394 | 916895 { [13019909 | 
x j68 | 2346 | 54740 | 971635 [13991544 | 
I 69 | 2415 | 57155 | 1038790 [15020334 | 
| 7 |7o | 2485 | 5964 | 1088430 [16198764 
Ce FO ET TITTY 
Ex $3 26238 | 64824 | 1215450 |18474840 | 
73 2701 | 67525 | 1282975 1975715 | 
\ 74 ©2775 70300 | 1353375 21111090 
E541 75 28c0 | 732150 | 142042F 22537515 
1” [76 | 2926 | 76076 | 15025ol 24040016 | 
I 77 3003 | 76079 | I5S1580 25621596 
E 0 78 | 3081 | 82160 | 16063740 [27295336 
We. 79 32160 | 85320 | 1749060 | 29034396 
1 | 80 2240 | 88590 1837620 30672016 
£57 I 3321 | 91881 | 1929501 32801517 
I & | 3403 | 95284 | 2024755 [34826302 
I 83-1 3486 | 9777012133358 36949857 
1 [|*%4 } 3570 [192340 ; 2225595 139175752 
x {85 | 3655 [105995 j 2331090 {41507642 
x.” 1 86 3741 [109736 | 2441626 |43949268 
[ 97 3828 |[12564 | 2555190 46504458 
; 128 3916 [|t17450 | 2672670 491771259 
x {29 | 4oos [|i21485 i 2794185 [51971283 | 
Z GO j 4095 Bel L band adg1985 154891018 | | 
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90858760} $69648208 
99795596 | 959443994 | 
10945 5 344. 1075607448 | 
119077472 119 774720} 
137115995! | 132% 890705 | 
143213999. 1473109704 | 
FLO430g 08, | 1029348612 | 
170230452! 1749579064 | 
185250786} | 1984829550! 
201359550 | $1001.29400- 
218615940 | | 240486060340] 
237093780 2641902120) 
| 256851595 | 2897753715| 
277962605 3176716400; 
300500200 3477216600 | 
3245402 16 | 30017565816 | 
350161812 | | 4151919628 
| 374471480 | 4529365776] 
406481544 | | 4935847320; 
427252560 | |_F3 6372 200580} 
| 470155077 | 5843355957 
| $04981379 | 6348337336 
| $41931236 | 0890268572 
| F8$1106988 \ 7471375560] 
| 622614630 | 5092990190 
| 6665 63558 | $760554088 
| 713060356 | 9473622444. 
762245404 10235867920 
| $14216767 11050084695 
| 869? 07785 | _ ns 11919192400 | 
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Trianguli- 


Late-_ Triangu- 
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Pyram- 
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1 | 91 | 4186 | 129766 1 3049g5er | 579490319 

i | 92 | 4273 | 134944 | 3153545 | 61124064 | 
1 | 93 | 437L | 139415 | 3321960 | 64446024 | 
I 94 | 4465 | 142880 | 3464840'] 67910864 
' 95 | 4560 | 147442 | 3612200 | 71523144 
i | 96 | 4656 | 152096 | 3764376 | 75287520 
1 | 97 | 4753 | 156849 | 3921225 | 79208745 
I 98 | 4851 | 161700 | 4052925 | 83921670 
1 | 99 | 4950 | 166650 | 4249575 | 87541245 
7 {100 | 5050 | I71700 | 4421275 | 91962520 | 
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Examination. 
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Fattors of the Quote. Quotient. 
2 | JorIOT 5050 
3 | FOXIOIT #34 171700 
4 | 25*xl0I*I7*103 __ 4421275 
F| $*10I*I7r103*104 — 91962520 
6 | F*IOISI7*IOEF 2835 I 609344100 


7 | FXIOISIT#sIO3Z®52*5*#106 24370067800 
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Numbers of t he / 6 \ Order of 190. 
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Wo Cabo | 
[ FOOT 7 2 30D (13034413152 
1652019392! 14897031544! 
(1120529250; 116007500890} 
1192052400; [I>1916122C0, 

1267339920 | 1046953126; 
1346548665 19313501755] 
1429840335 21243342120; 
[15173815 86 2760723760! 
1609344100 /2 43700673 00| 


As the Table of Figurate Numbers may thus be exami- 
ned, 1o if there be any miſtake in the Calculation of the Ta- 
bles, you may find what it will amount unto art any place re 
quired ; for all Figures in the fame Row or Line have th 
ſame Miſtake : Thoſe in the next Row or Line do proceed a* 
natural Numbers; thoſe in the third Row or Line inclulively ? 
as Triangulars: thole in the 4th. as Pyramidais;, and fo for.. 
ward. 

In the 6th Number in the 4th Row , ſuppoſe there is an U, 
nite too much, 57, for 56, I would defire to know wha 
{uch Miſtake will amount unto in the 12th. Row, as allo in 
the 100th Number in the 8th Row, 

Take the Difference of the Rows, and the Difference 0 
the Lines, and addan Unite to each, the Figurate Number 


belonging to that Row and Line is the Number deſired; as, 


12—4=8-|-1= 9. nos The 25th Number in the 9th 
30—6==244-1=25. Line) Row, wiz. 10515300 ts the 
Number required; fo that the $gcrh Number will be 

322319740, inſtead of 2311SCc144c, 
In 


(50) 
In the other Queſtion , 
100—6=94+1=95. Line? The 95th Number in the «1h 

8—4 = 4-1 = 5. Row Row, viz. 3612280, 1sthc 
Exceſs that the 1octh Number in the 8th Row will be more 
| than it ought: It the Miſtake be in the firſt place more than 
an Unite, you muſt multiply the Figurate found in that Num- 
ber. 

If any falſe Figurate Number be given, to find where the 
Error is, if it proceed only from the Miſtake of an Quit; 
In the 1ctþ Row and 2 5th Line, the Figurate is 35557 
and in a falle Table it 8 35744200, occaſioned only | by the 
miſtake of an Unite, but where I would Cefire to know. 

Take the Differences of the Figurates 177100, which you 
will find to be the 2c:h Number in the 5th NOT, Then, 

Take the Difference of the Rows , and Difference 'of the 
Lines, and add an Unit to them, you have the place of the 
Error. 
25—20=54-1=". Line? The Error is in the 6th Number 
I0— 7=3-]-1=4. Row in the 4th Row, viz. 57 for 56, 

If there be but one Error committed , the Difference of 
the true and falfe Figurates is alwayes a Figurate or a C om- 
pound of it. 

I find in Two Treatiles, one Entituled Cardanus Promotns , 
another about Cubick Equations, of the moſt Learned 
Mr. Thomas Baker, Miniſter of B:ſhop-Nympton in Devonſhzre, 
my Worthy Friend, a Perſon endued with profound 
Skill in Moobrs, &c. whole pains on thoſe Arguments, are. 
now at the Preſs, and will be fucceeded by more of the ſame 
kind , a Tableof new Figurates, where the 6tþ Number in 
the 5th Row is 182, in this 126. Idodeſfire to know where 
the firſt Difference of the 
Py ” -, Tables is,from whence ſprins 
& |. T3 Boy By 6 all the other Differences. 
$: + Rs Fey 293 Þ By the foregoing Rule, 
s 15 742 3% - 023". 182—126=56,which is the 
6thþNumber in the 4th Row. 
6 = 
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Gm Cn=o=t i=l, pd, 50 that the firſt Difference is the 
p—4—I+1=2, Row \firſt Nymber in the :4 Row, there 
betng 2 inſtead of 1. 

By the common Table of Figurates, according to the fore- 
going Rule, this may be made by adding to any Figurate the 
Number preceding it in the ſame Line. As, 

What is the 47þ Number in the ; 4 Row ? I fay, 10-4 =r1 4. 

What is the 5th Number in the 4tþRow ? I ay, 35+15=x0, 

252-|-126=37?, the 6th Number in the 6h Row: 2104-5 5 
<275, =I oth Number in the ath Rovv. 


APPENDISNX. 
Toe the Endof Pag. 21, may be further added, 


Hat the Sum of all the Chances on *, 2, or more Dice, 
and the Chances on the Regular Boces,v:z. the Terr ihe- 
dron, Oitahedron, Dodccahedron, and Icoſ:hedron, being marked 
on their ſides as Dice, not exceedins the number of their ſices, 
are Figurate Numbers, and if the Sum of their C hances do 
exceed their ſides, then they are not Figurates ; they begin- 
ning at an Unit, do proceed on until they do come to their 
middle Chance , then decreaſing in the ſame manner , they do 
end in an Varzt, whether it be on 2, 2, 4, or more Dice , or 
{uch Bodies: The Chances on 2 Dice, or 2 {uch Bodies, are 
natural Numbers; on 3 Dice, or 3 fuch Bodies, are triangu- 
far Numbers; on 4, are Pyramidal, and fo forward. 

So that in a Tetrahedron,the Sums of the 4. firſt Chances are 
Figurate Numbers ; in a Cubick Die, the Sums of the ſix firſt 
Chances ; in an Oftahedron, the Sums of the 8 firſt; in a Dode- 
eabedrom, of the 12 firſt; andinan Jcoſamedron, the 20 firſt 
Chances are Figurates. PL 
As in 3 Tetrahedrons,the Chances are 3,4,5,6,7,8, 9, 10,11,12. 

Their Sums are 1,3,6,15,12,12,10,6, 3, 1. 

The firſt and laft 4 Figures of their Sums are Triangular 
Numbers; 12 , which-is the Sum of the Chances, 7, is not - 
Figurate; for that 1-1-|-5=7. and the Tetrahedron having 
but 4. fides, and conſequently no 5, the Changes of 1-1 +5 
—7 are 3; which being {ubſtraded from the next Figurate 
in the ſame Rovw, viz. 15, reſt 12.;, as before. 

| of 
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(73) 

50 on the 3 Cubick Dicc, 

The Chances are 3,4,5,6,7,8,9,10,11,12,1 774,15, 16,17,18, 
Their Sum 1,3,6,10,: 5,21,25,27,27,25,21,15410,%,',1 
The firit and laſt fix are Triangulars; 25 and 27 are not Fi- 

gurates, for that 1 += t 4-7 = 9 ( there beinznot any 7,00 

any one Die )) cannot be on the Dice, and conſequently its 

Changes 3 , muſt be deJucted from the next Figurate 28, 

remains 25, as before, Again, 1-4-8 =10, and 1-)-: -/- 

7 170, neither of whicit can be on the Dice , there being 

neither 7 nor 8, their Changes 3 and 6= 9, muſt be dedutted 

from ;6, the 87, Number in that Row ; then you have 27, as 

Lefore. 

So on 4 Dice; the firſt and laſt fix Chances are Pyramidal 
Numbers, VIZ. Ly: 491-05 2:04 359.5 6 p the other, 8c, 1 04 5 
17”, I4", andt ts are not on the lame reaſon. 

I; raey had beenall Figurates, their Sum would have been 
715-|-7i5--286=1716, exceeding 1295, the Chances on 4 
Dice by 420. 
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Upon 2 Re-examination of the T able, theſe Errors were found, 
which the Reacler is deſired to Correct thus. 


Range 7, Latus 21, 239230. R.9. L. 22. 4292145, L. 25. I9518300. 

£.39. 386-5029, Re 12. £-:1-2-- 705432. | 
In th> Continuation, 

Range d. Lat 77. 79079. L. S0.88560. R.S. L.38. 101270. L. 89) 
2701.55, LI. 99. 2919735 K.6. I. 41. 1221759, L.48. 2598960 
L. $6, 35872016. R. 7. -.67. 156238908, 1.78. 377447146 RS. 
L. 63. 1078897248. L. 08. 1799579094 £. 95. 1719901320. £97» 
1981350705. | 


et 
ET ns EY 
KY © 


54, 
Ad vert ſem tt. 


Here is newly Publiſhed an ingenious ſmall. Tra, Enti- 
vi tuled, Artficial Verfifyiag; which ſheweth to any one of 
ordinary capacity , though he underſtands not one word of 
Latin, or what a Verſe means, how , by the help of 6 Tables, 
to make hundreds of Hexametcr Verſes, which ſhall be true La- 
tin, true Verſe, and Senle, The Conceit whereof is, 
that each Table contains 9 feveral Words, placed in Letters 
under a hanifom diſguiſe ; which are thele : 


1able. 


1. Impia, fordida, aſpera, turbiaa, triſtia, borrida, turpia, peſ- 
fim 2, perfiaa, 

2, Didta, faita, fata, bella, jura, vota, verva, dona, dama. 

*. Mibi, 1ibi, inquam, viro, malys, vides, reor, als, ſcio. 

ds. Predicunt, procurant, monſtrabunt, promittunt, portabunt, Catts 
fſabunt, concedunt, produennt, confirmant. 

5. Sidera, ſomnia, pignora, fwdcra, crimina, tempora, dogmata, 

 jurgia, poeula. | 

6. Multa, quedam, certa, tantum, plane, ſola, prava, ſemper, ſepe. 


So thatif you take any one word out of each Line, you 
will havea true Hexameter Verle. 

It will be required to &now how many ſeveral Verſes by 
theſe Lines may be 1c? I Aniwer, according to the fore 
g912g Rule, pag. 16. of Compoſition of -uantitics ( without ta- 
kings any notice of the permutation ot places, that may be; for 
you may chanze the places of all words in the firſt unto the 5th 
Line, and 5 words of the 67k into the ſecond Line) there may 
be made 531441 Verles, it betng the Cubo-cube of 9 ; name- 


ly, 


(55) 
C.” ly, above 9 times as many Verſes asarein Fireil; for in his 
Works Printed at Cambr1age, 16:7, there are ag: Pages, and 
cach full Page contains 206 Verles, {o that there are not in 
Virgil above 1771z Verles. rorif you join the Words ir, 
the firſt Line with thoſe in the fecond, you will have ©1 ſeve- 
ral Combinations of two Words, tiz Square of g; an if to 
thoſe you add each Word in the tnir? Linz, you wil. have 
-:G Combinations of z Words, the Cube © »; andit you 
proceed further,, you will find that each Line voth augment 
the former 9g times. Poſlibly you may conceive that 5 W ors 
cannot be taken 1o many leveral waycs out ot 5, the number 
of Words in the 6 Lines; according to the toregoins Rules, 
they may be taken 25827165 times, being the number of Com- 
binations of 6 Quantities in 54. 

The reaſon of the Difference may ealily be diſcerned, for 
that you are not to take 2 Words in one Line. 


And we further ſtbjoin (as a Supplement to , or for the 
better underſtanding of the 18th Sz&ion) That the Variati- 
ons of ſingle Quantities are found by Multiplying the number 
of Quantities in all the Numbers that are under it, as 6, the 
Variations of 3 Quantities, is found by, Multiplying 3 into 2, 
into 1. So 120, the Variations of 5 Quantities (or Changes 
an. 5 Bells) is found by Multiplying 5 into 4, in :,in2 1n, 7. 
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ERRATA. 


Age 4. line 23, for aud x, read and 4. P45. I. I4. for 54, T. 5x4 P. 6. 
|. 27. ftOr 44 x 13,r- 44x43. P-9-1. II-for 2,r. 2. P. Io. I. Zo, for 
2.44135, r. 2L + 35. p.I1. 1.7, Make the top-Figures thus ; 
r013020S 4: 4-0-7; 8. PrTl 1000 29g 20, 
$ +-2 8-]-56-|-79+56-]-28+5 1. 1bi4. The Table of Varia- 
tions ſhould bave followed Paragr. IS p. 13. Tbid. tothe gth Variat. add 0- 
P. 18. 1. 14. for Sum, r. ſame. P. 19.1. ult. for 3 Chang, r. 4» P.'20, 1. I$+ 
Col. 1. for 6,r.4. after 2220, 4, inſert 2235, 12. bid. Caſt 14, for 1156: 
r. 1256. p. 21.1.16,for8,r,l. l.Igfor3,4, r. 24. 124. for By5, 5. Tr. 
By Sei. 5. P+ 23,1. 24. dele and. 1:30, for 4,5,r. 3, 4,5. Pe. 25: penilt, for 
220, r, 120. P. 20,110. for 18 more, r, uſe more. 1. Zo. for b==Z. r. b= 27. 
P. 27.1. 22. for289, r. 28 gs. P- 28.1. It. for þ5:64 =; r. b+64=b, 
]. 13. for 660, 960. p.34. ult. for 34-2, Tr. 3x2. P. 48.1. ut. for 190,r.100. 
P-49 1. 21. for the 12th, r. theZoth Num. inthe 12th, 
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